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NOTE. 


There will be SIX NUMBERS in this volume of the 
JOURNAL, in order to make the volume end with the 
December number. The year of the Association corre- 
sponds with the calendar year, under the revised Constitu- 
tion, and this change is made for that reason. The volume 
index and title page will accompany the December number. 


Table of Contents. 


Paper. ‘The Ozonization of Water,” by George A.Soper ...... 


Discussion by L. P. Kinnicutt, F. 8. Hollis, H. W. Clark, H. N. Parker, 
J. C. Haskell, George F. Chace, and the author . gs es 


Paper. ‘“*The Construction of the Fells Reservoir for the Metropolitan 
Water Works,” by John L. Howard . . . ess 


Discussion by F. S. Hollisand W. H. Sears, . . . + « 
Paper. ‘ Wooden Joints in Cast-Iron Water Mains,” by William Murdoch, 
Paper. ‘‘ A Few Notes on Cast-Iron Pipe,” by Freeman C. Coffin . 

Discussion by John C. Chase and the author . ...... 
Paper. ‘ Cement-lined Service Pipes,”’ by Fayette F. Forbes 


Discussion by C. W. Sherman, F. L. Fuller, T. H. McKenzie, G. F. 
Chace, H. G. Holden, G. A. Stacy, G. E. Winslow, E. A. W. Ham- 
mett, E. C. Brooks, R. J. Thomas, J. €. Haskell, and the author 


Paper. ‘**A Very Brief Discussion of Lead Poisoning, caused by Water 
which has been drawn through Lead Service Pipe,” by Fayette F. 


Discussion by H. W. Clark . 


Proceedings . . . 
Water Works Statistics for 1897, 1898, and 1899 . . . . . .. 


es 


& 


2 
Page 


NEW ENGLAND WATER WORKS ASSOCIATION. 


ORGANIZED 1882. 


Yol. XY, September, 1900. No. 1. 


This Association, as a body, is not responsible for the statements or opinions of any 
of its members. 


THE OZONIZATION OF WA'LER. 


BY GEORGE A. SOPER, PH.D., ENGINEER AND CHEMIST, NEW YORK CITY. 
[Read February 14, 1900.} 


Among the interesting new processes for the purification of water 
and sewage which have appeared in the last ten years, the latest to 
attract public attention is the ozone treatment. As is not unusual 
with new inventions, large claims have been made for the ozone 
process, some of which will probably never be realized ; but in view 
of the increasing interest which water-works people are showing in 
the subject, and the possibilities which are apparent in it, it may not 
be unprofitable for us to review briefly the principal facts upon which 
current arguments in favor of ozonization are based. 

At the outset it should be stated that the theory of ozonization is 
extremely simple. It consists in bringing about a thorough mixture 
of the water to be purified and a quantity of atmospheric air which 
has been ozonized. When the ozone, which is a very active condi- 
tion of oxygen, is brought into contact with the water, some of the 
organic impurities of the latter are oxidized. Oxidation, it will be 
remembered, is, in chemical parlance, combustion, and the effect of 
the ozone treatment is to destroy or burn up the objectionable 
matters. 

It is customary to convert the oxygen of the air into ozone by 
means of electricity and to apply it by what might be considered a 

_ very thorough system of aération. 

The idea of purifying water by ozone appears to have had its 
beginning with Frélich, an engineer of the firm of Siemens & 
Halske, of Berlin. He was engaged in*experimenting with ozo- 
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nizers in the hope of producing an apparatus which would yield a 
larger quantity of ozone for a given volume of the oxygen supplied 
to it than had been found possible up to that time. 

Frélich’s efforts to increase the efficiency of his ozonizers do not 
seem to have been particularly successful, but in papers published 
by him in 1891, upon the subject of his experiments, he makes some 
interesting suggestions of a new use to which the mixture of ozone 
and air obtained from his apparatus may be put. 

He states that when impure water is treated with ozone, its quality 
is greatly improved. The dissolved ammonia is partly converted 
into nitrates, iron, when present, is precipitated in the form of 
hydrate, and the water is sterilized. 

Frélich was not a biologist or chemist, and beyond pronouncing 
his opinion of the germicidal action of ozone and its power to 
mineralize organic impurities in water, he made no attempt to 
establish the usefulness of the process he proposed. 

The publication of Frélich’s papers was, however, soon followed 
by an investigation into the power of ozone to sterilize water, which 
was authoritative. The research was undertaken for the Imperial 
Board of Health of Germany, by Ohlmiiller, at Berlin. Various 
waters were used, and the action of ozone toward many species of 
bacteria was carefully studied. Ohlmiiller, working with a small 
experimental plant, found that sterilization was easily effected in 
distilled water to which bacteria were added. In two minutes he 
killed 12 247000 typhoid bacilli and 2791000 cholera germs. 
Sewage was difficult to treat successfully, and it was not considered 
feasible to sterilize water which contained much organic matter in 
suspension. 

The first attempt to work out the practical conditions under which 
ozone could be applied to the sterilization of large volumes of 
water was made by Baron Henry Tindal, of Amsterdam, who built 
a sterilizing plant with a capacity of 7500 gallons per day, at 
Oudshoorn, near Leyden, Holland, in 1895. 

The water treated was taken from the Old Rhine. It was polluted 
with the wastes of factories and towns and the drainage of farm 
lands. It was highly colored and had an unpleasant odor. There 
was no difficulty, however, in sterilizing the water after filtration. - 
Very careful studies were made of the species of bacteria found in 
the raw water, and in some of the tests particular species were sown 
in order to observe the effect of ozone upon them. It was found 
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that the most resistant bacteria could be destroyed under conditions 
which promised industrial success. 

The appearance of the Old Rhine water was much improved by 
ozonization, the color and odor being reduced, and the chemical 
qualities as indicated by the permanganate figure were improved fifty 
per cent. Finally, the water after treatment by ozone contained 
no substances prejudicial to health. It was free from taste and 
was pronounced to be in all respects excellent for drinking pur- 
poses. 

Our information concerning the results of the test at Oudshoorn 
is taken from an official report made by Dr. Van Ermengem of the 
University of Ghent, who investigated the plant as an expert for 
the Belgian Government. 

At first the ozone was generated by a Siemens apparatus similar 
to that which had been employed by Frdlich and Ohlmiiller. It 
consisted of two large concentric glass tubes so arranged as to leave 
an annular space between them through which a stream of air could 
be made to pass. The inner tube was filled with acidulated water 
and the apparatus was immersed in a bath of the same liquid. On 
connecting the water in the inner tube with one pole of a powerful 
induction coil and the water outside of the larger tube with the 
other pole of the coil, a current of electricity was established 
through the air in the annular space. 

The nature of the current produced in an air-gap under such cir- 
cumstances is known as the silent or brush discharge. Under 
properly regulated conditions there is no sparking, but a violet- 
colored flame which has the peculiar power of converting oxygen 
into ozone when the former is brought into contact with it. 

In Ohlmiiller’s hands the Siemens apparatus yielded 4 cubic foot 
per minute of ozonized air, which contained approximately four per 
cent. of its weight of ozone. It was supposed that¢increased vol- 
tages would produce increased yields of ozone, but it was found at 
Oudshoorn that electric potentials above 4 000 volts endangered the 
glass walls of the Siemens apparatus. To avoid this difficulty, cel- 
luloid was substituted for glass, and finally the use of dielectrics was ‘ 
discarded altogether for a new form of ozonizer which was invented 
by Schneller, an electrician connected with the test. This point is 
particularly noticed here for the reason that an important step was 
taken in the development of ozonizers when the old forms requiring 
the use of delicate dielectrics were abandoned. The new apparatus, 
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if not more efficient, was more durable in character and better suited 
to the uses of water works than the old types. 

The new ozonizers used currents which were transformed to 
50 000 volts. The air which was to be ozonized was filtered, dried 
and chilled» The improved apparatus for converting the oxygen 
will be described presently. Sterilization was effected by applying 
the ozone to the water by bubbling and by spraying. It was found 
that spraying gave a more intimate contact, but that the contact by 
bubbling could be continued longer. 

At the Hygienic Exhibition held at Paris in 1896, an experimental 
ozone installation was made by Baron Tindal to treat the water of 
the Seine. The leading features of the plant resembled those at 
Oudshoorn, the same type of apparatus being employed. Electric 
power was taken from the general electric light circuit of the 
exhibition to operate a small dynamo whose current was transformed 
for use to 50 000 volts. 

The ozonizers were of the sort that had been invented at Oud- 
shoorn. They consisted of five glass-lined rectangular boxes 10 x 
14 x 23 inches. Suspended from the cover of each were packages 
of platinum foil sheets whose edges were separated from the walls 
of the boxes by a space of about 4; inch. On the glass walls 
opposite the platinum sheets were fastened thin gold plates. The 
gold was grounded and the platinum was connected with the electric 
transformers through glycerine resistance cells placed above the boxes. 
Air passed through the boxes and became ozonized by contact with 
the electric flames which played between the platinum and gold. 

The sterilizing apparatus consisted of upright columns through 
which the water and ozone were pumped, passing from the bottom 
upward. The water and air escaped at the top. Most of the ozone 
was absorbed. The plant had a designed capacity of about 30 000 
gallons per 24 hours when treating filtered water from the Seine 
which contained two parts of organic matter per 100 000. 

Drs. J. Repin and Marmier of the Pasteur Institute, both of 
whom examined the sterilizing capacity of the plant, pronounced 
the Oudshoorn results fully sustained, but the bacteriological data 
which these gentlemen collected have never been published. The 
chemical effects were, as reported by Repin, — chlorine not changed, 
nitrates reduced slightly, partial precipitation of the carbonates of 
lime and magnesia and sulphate of lime. Color, odor, and taste 
were improved. 
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Regarding the cost of ozonization, it was considered that where 
water does not contain more organic matter than is represented by 
0.4 part permanganate per 100 000, about 1 500 gallons of water 
can be purified with an expenditure of energy equivalent to 1 H. P. 

At the Brussels Exhibition of 1897, a third trial plant for the 
ozonization of water was erected by Baron Tindal, with a capacity 
of about 100 000 gallons a day. With this plant, water from the 
infiltration galleries of Brussels was readily sterilized, as were 
samples taken from polluted canals near the coast; the latter, how- 
ever, being first filtered to remove suspended solids. The essential 
features of the plant were similar to those at Oudshoorn and Paris. 
A report to the Government was made upon the efficiency of the 
Brussels plant by Dr. Marmier, who, it will be remembered, was 
mentioned in connection with the Oudshoorn test, and Prof. Leon 
Gerard of the University of Brussels. 

Not the least important of the effects developed at Brussels are 
the data which relate to the cost of producing the ozone and the 
quantity which was required to sterilize the water. As the result 
of careful experiments it was announced that the concentration of 
ozone from the ozonizers was 4,5 mgs. per liter of air, which is about 
one third of one per cent. by weight. It was found that about three 
grams of ozone could be made with 1 H. P., that this amount of 
ozone would purify about 22 000 gallons of water when the organic 
matter did not exceed 10 parts per 100 000, and that the cost per 
1 000 000 gallons was about nine dollars. 

There are at present two municipal ozonization plants in Europe, 
both of which I have seen in operation. The first was built in 1898 
at Blankenberg on the Belgian coast, to sterilize 50C 000 gallons per 
day of canal water. Asin the experimental trials already referred 
to, the water is filtered before treatment with ozone. 

There are no special features of interest in the electrical appara- 
tus for producing ozone at Blankenberg, except that for the glass 
boxes with metallic electrodes there are substituted covered troughs 
of metal in which there are suspended a number of platinum combs. 
The electric discharge takes place between the points of the combs 
and the adjacent walls of the troughs. 

The sterilizers are three in number. They are situated in a pump 
house adjoining the filters, and occupy a small space near the elec- 
tric machinery. 

The sterilizers resemble small standpipes in appearance, and are 
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made of glaze-lined flanged iron pipe, each length of which is 
about three feet in diameter and three feet high. Ten such lengths 
are used in each column. The water and ozone enter the sterilizers 
at the bottom and pass upward. To insure a thorough mixture, 
there is placed at each joint a screen or false bottom, which consists 
of a plate of celluloid with holes ,4; inch in diameter. There are 
126 such holes to the square inch. To avoid undue pressure upon 
the screens and a reduction in the flow which would result from the 
small area of the holes, by-passes are arranged to carry a part of 
the water around the joints. Peep-holes of glass are set in the 
sides of the sterilizers, through which a view can be had of the mix- 
ture of ozonized air and water. The distribution of small bubbles 
thus observed is very complete. The frictional resistance offered by 
the sterilizers to the passage of the water is said to be less than four 
feet. The electric power required to ozonize the air was given to 
me as 4 H. P. per 1 000 000 gallons of water. 

The largest system of ozonization thus far installed is at Paris. 
There a plant with a designed capacity of 3 170 000 gallons of 
sterilized water per day has been in operation more than a year. 

The plant is situated at Saint Maur-les-Fossés, where a water- 
works station with pumps and English filter beds had previously 
been established to purify the water of the Marne for the city of 
Paris. The ozone generators and sterilizers are substantially like 
those at Blankenberg. There are three sterilizing columns, com- 
posed of twelve sections each. The water escapes at the tops of 
the columns and flows out by gravity into a small open tank at a 
level of perhaps eight feet above the level of the filter beds. The 
water after ozonization is bright and clear and without odor or taste. 

The bacterial character of the Marne after filtration and ozoniza- 
tion was reported upon for the information of the Dutch Govern- 
ment by Dr. Ferdinand Begancon, Chief of the Bacteriological 
Laboratory of the University of Paris, under date of January 12, 
1899. Of twelve samples of water treated with ozone which he 
collected, all were sterile after two weeks at 20° C., in gelatine. 
Of ten samples sown in broth and kept for two weeks at 37° C., two 
developed the bacillus subtilis ; the rest were sterile. Another analy- 
sis made by Dr. Begancon a month earlier gave identical results. 

The cost of sterilizing the Marne water at Paris after filtration 
has been given to me as $5.90 per 1 000 000 gallons, which includes 
operating expenses, interest charges, and salaries, as follows : — 
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ITEMIZED COST OF STERILIZING FILTERED MARNE WATER AT PARIS. 


Energy required for ozonizer......+-.+seseeeseceeeceeees 3.0 H. P. 
” Water pump 


Cost per day, at 2 cts. per H. P. per hour ................ $7.90 
Other daily expenses are : — 

Salaries of three men @ $200 per month.............--- eeeees $6.66 

Interest charge of 34% upon $20 000 (cost of plant) ......... 1.94 


Interest charge of 4% upon $20 000 (to cover depreciation) ... 


Cost of energy, aS above.............. 


Total cost of ozonization per day...... 
Capacity of plant, 3 170 000 gallons per 24 hours. 

In concluding this very brief review of some of the main facts which 
have been brought out in connection with the ozonization of water, 
it may be of interest to quote a few words from a report which was 
made to the city of Lille regarding the feasibility of employing a 
system such as has been described to sterilize its water supply. 

It will be remembered that Lille is a city of about the size of 
Detroit, with say 200 000 inhabitants. The report is dated February 
12, 1899, and signed by a commission of five experts, among whom 
was Dr. Roux, one of the directors of the Pasteur Institute of Paris. 
The findings of the commission were based upon tests with an experi- 
mental plant which extended from December 10, 1898, to February 
12, 1899. Among the conclusions are the following, taken from a 
free translation of a copy of the original document : — 

1. ‘*The method of sterilizing drinking water based upon the 
ozonizers and sterilizing colimn . . . has an efficiency which is 
undeniable and superior to that of any other process of sterilization 
known which is susceptible of application to large quantities of water. 

2. * The simple arrangement of the apparatus, its strength, the 
uniformity of its output, and the regularity of its action give every 
assurance that it is in fact an industrial apparatus. 

3. ** All the pathogenic and saprophytic microbes that were con- 
tained in the water studied by us have been entirely destroyed by the 
passage of the water through the ozonating column. Only some of 
the germs of the bacillus subtilis were able to resist it successfully. 
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*¢ We have counted about one germ of this species in 15 c.c. of 
water after treatment with a mixture of } of 1 per cent. of ozone in 
air. With a concentration of 3 of.1 per cent. the number of germs of 
bacillus subtilis capable of reviving in a bouillon culture medium is 
reduced to less than 1 in 25 c.c. of the water treated. 

‘*Tt is necessary to observe that the bacillus subtilis (microbe of 
hay) is entirely inoffensive to man and animals, and that the germs 
of this microbe resist for the most part methods of destruction; that 
of the heat of steam, for example, under pressure at 110° C. 
It is not necessary to destroy them completely in drinking water, and 
we consider as very sufficient the sterilization obtained by air ozonized 
with a concentration of 4 of 1 per cent. under the conditions ar- 
ranged... . 

4. ‘* The ozonization of water does not introduce any foreign ele- 
ment prejudicial to the health of those required to use it.” 

Very recently there have appeared in foreign journals some accounts 
of an experimental. research conducted by Dr. Th. Weyl, into the 
sterilizing value of ozone and of ozone in connection with metallic 
iron. In the experiments with iron and ozone, the water was treated 
in such a way as to form a precipitate of ferric hydrate. It was 
found that water treated in this way was more efficiently purified than 
by simple ozonization or by treatment with iron and subsequent aéra- 
tion. With iron and ozone, 87 per cent. of the bacteria were de- 
stroyed or removed ; with iron and air, 61 per cent. disappeared, and 
with ozone alone there was a reduction of 5.9 per cent. The original 
number of bacteria was 45 360 per c.c. 

It is to be regretted that Dr. Weyl has not stated what part of his 
results are due to ozonization and what to coagulation — two very 
different phenomena. Until this has been determined it would seem 
preferable to leave the question of the ozone-iron treatment for dis- 
cussion under another heading, for it is evident that the iron precipi- 
tate must be eventually subsided or filtered off, and that provision 
must be made similar to that necessary for the disposal of the flocculi 
which result from the treatment of water by alum, before the water 
can be considered purified. Dr. Weyl is very sanguine of the future 
of ozonization, as indeed are many of the investigators who have ex- 
amined the sterilizing action of ozone in water. 

Some experiments which I have made with ozone have had as_ 
much reference to a reduction in color and odor in water as to its 
sterilization, for it seemed that the very thorough investigations of 


i 


8 
i 
i 
} 
| 
| 
| 
f 
i : 
i 
i 
: 


SOPER. 9 


Ohimiiller, Van Ermengem, Marmier, and Roux proved beyond doubt 
the germicidal capabilities of the process. 

The plant with which my tests were carried on was located at 
Columbia University, and consisted of electric apparatus for the gen- 
eration of ozone and various cylinders and other vessels in which the 
ozone-water contact was brought about. 

I found that waters in which colors and odors were artificially pro- 
duced were very greatly improved by the ozone treatment. Colors 
as dark as 6.0 of the platinum-cobalt scale, produced by soaking dried 
leaves in distilled water, were reduced to 1.0. Browns, reds, and 
greens were bleached without dilficulty. Even the color of strong 
solutions of alkaline and acid litmus, indigo and alizarine, were easily 
destroyed. 

The odor experiments were conducted with samples of distilled 
‘water in which various odors, such, for example, as that of herring, 
cinnamon, onion, geranium, and putrid beef, were induced. Ozoniza- 

tion removed the strongest natural odors that could be found. 

When experiments were made with naturally colored waters very 
similar results were observed. With Croton water it was possible to 
reduce the bacteria 74.8 per cent., the permanganate figure 12.5 per 
cent., the color 35.1 per cent., and the odor entirely, by passing 
ozonized air containing 0.3 per cent. of ozone for fourteen minutes 
through it. 

It will be observed that there are two steps to the process of 
ozonization, — the production of the ozone and its application to the 
water. 

Theoretically, a complete plant consists of filters, dryers, and coolers 
to prepare the air for treatment; an alternating current dynamo, 
transformer, and ozonizer to convert the oxygen; a pump to keep the 
air in circulation, and a sterilizer in which to apply the ozonized air 
to the water. Conditions which favor the production of ozone are 
great dryness and very low temperature of the air, and its continued 
exposure to the electric flame. Sparking in the electric apparatus 
occasions loss of ozone by converting it back to the more stable form 
of atmospheric oxygen. Theoretically, it should be better to exhaust 
the air from the ozonizers than to force it through under pressure, and 
this is the method now generally employed. Owing to the corrosive 
action of ozone, it is forwarded to the sterilizers in glaze-lined pipes, 
although when the gas is perfectly dry such a precaution should not 
be necessary. In the absence of moisture, metals and organic matters 
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are not very readily attacked. Owing to its instability, ozone cannot 
be compressed or stored to advantage. 

Two methods of applying the ozonized air to the water have been 
patented in the United States by Schneller and Van der Sleen, two 
men who were very actively concerned in the conduct of the Oud- 
shoorn experiments. It may be said, however, in regard to these 
patents, that they specify definite forms of apparatus with which the 
inventors consider the system should be carried on. 

Of prime importance in applying ozone to water is the necessity for 
bringing about a very thorough contact. Owing to its purely chem- 
ical character, ozone is very certain to attack the most easily oxidiz- 
able matters first. Its action upon bacteria is therefore modified by 
the presence of less resistant substances. Impurities which are most 
uniformly distributed, such as coloring matters, for example, will not 
fail to be affected by even small amounts of ozone, but bacteria which 
are associated with masses of solid matter in water will be difficult 
to destroy. 

The cost of purifying 3 000 000 gallons of water per day by the 
use of ozone has been given as $6 per million gallons, reckoned on 
the basis of a plant of upwards of 3000000 gallons capacity. 
Smaller plants have usually indicated a higher price than that stated, 
but it would appear safe to consider the lower figure to be more exact 
from the fact that it has been obtained under more strictly practical 
conditions. If we consider that it is necessary to filter water thor- 
oughly before applying the ozone, and that the cost of filtering will 
be approximately $10 per million gallons, we will have $16 per million 
gallons as the total cost of treatment. It will be remembered that 
sterilization by heat was advocated a few years ago by a prominent 
engineer of the middle West who considered it would cost $250 per 
million gallons. 

It is very possible, under the conditions which exist at some of our 
American water works, that ozonization could be applied at a much 
lower cost than the data which have come to us from Europe would 
indicate. It would appear that other forms of sterilizers could be 
built, and that the loss of head which appears to be a considerable 
factor of expense in the operation of the Blankenberg and Paris plants 
could be reduced. 

It is a question, however, whether there is an important field for the 
ozone treatment if it must be applied to waters previously filtered as 
carefully as has been the case in Europe. We are in the habit of 
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considering that waters which are filtered by English sand beds 
or mechanical filters are adequately purified, and it is doubtful 
whether an expense approximately equal to half the cost of fil- 
tration would be justified in a supplementary treatment of such 
waters. 

But the ozone treatment presents other claims for consideration 
than those which rest merely upon sterilization. Asa purely chemical 
agent capable of producing rapid oxidation it appears to me that there 
lies open for it a promising field in water purification. Used in con- 
nection with iron it is possible for ozone to be of assistance in form- 
ing a flocculent precipitate for the coagulation of turbid waters. With 
ground waters containing iron, it should be of special service where 
simple aération is not sufficient to precipitate. In the removal of 
color caused by the presence of organic impurities, and of odor due 
to microscopic organisms, ozonization could, in my opinion, be fre- 
quently applied to great advantage. In such directions, however, 
there is much need of careful experimental study in order to deter- 
mine the conditions upon which ozonization can be most effectively 
and economically applied. 


Discussion. 


Pror. Leonarp P. Kinnicutt.* I think we are all very greatly 
indebted to Dr. Soper for the interesting account he has given us 
of the ozonization of water. Many of the facts he has given are 
entirely new to me, and are the results of his own careful investiga- 
tions. I agree with him that the greatest opportunity for the use of 
ozone with water is in the removal of color and odor, and the point 
which he touched on last, the formation of flocculent precipitates 
without the addition to the water of anything that can in any way be 
injurious, is certainly very suggestive. Can we by means of iron and 
ozone, or by some other substance in the place of iron, produce in 
water a flocculent precipitate which will carry down with it, as alum 
does, the organic impurities and the bacteria contained in the water? 
This is a question which offers an opportunity for a large amount of 
original research. 

Dr. Soper has shown us very clearly how water can be sterilized 
by the use of ozone, but I did not make out from his paper how much 
of the organic matter contained in a water could be thus removed, 
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and I should like to ask if he can give us an idea, judging from the 
albuminoid ammonia or the oxygen consumed, of the amount of puri- 
fication that has been obtained by the ozone treatment. 

The cost of treating water by the ozone method Dr. Soper stated 
as being about $16 per million gallons. This of course makes the 
process a very expensive one, and it seems to me that before it can 
become a practical process the cost must be reduced. ‘This can be 
accomplished if we can reduce the price of obtaining ozone, and the 
question presents itself, Is there not a hope that in the future a cheaper 
method than that of passing silent electrical discharges through air, 
by which only about one fourth of one per cent. by volume of ozone 
is obtained, be discovered ? 

Only this last year a new method of obtaining ozone has been 
published, — the addition of fluorine to water. Fluorine itself is a gas, 
which was first isolated by the French chemist Moissan in 1886, and 
he has now shown us in connection with the properties of this gas 
that if it is added to water, oxygen is obtained which contains about 
fifteen per cent. of ozone. This method for obtaining ozone is not at 
the present time a practical one, but it shows that it may be possible 
in the next ten or fifteen years to find a method for producing ozone 
at a very much less cost than that at which it can now be obtained 
by the silent discharges of electricity through dry air. If this were 
achieved it would make the ozonization of water a practical process, 
and one which in many ways could be used to great advantage in the 
purification of water. 

Dr. F. 8. Horiis.* Dr. Soper’s paper has been full of interest to 
me, and I think I have learned many things from it concerning the 
application of ozone to the purification of water. In regard to the 
disappearance of the odors which were added to the water, I don't 
know as I understand quite how long that took, or how much ozonized 
air was allowed to bubble through the liquid in order to drive off the 
added odors. That is a question I would like to ask. 

Dr. Sorer. In reply to Dr. Hollis I will say that the amount of 
ozonized air required to drive off odors is rather considerable. The 
probability is that the ozone is not wholly responsible for the benefi- 
cial effects, and that aération alone would remove a part of the odors. 
The activity of the ozone is responsible to a very considerable extent 
in the case of odors which are known to be refractory to aération. I 
think I have some data as to the amount of air required for some unit 
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of water, and I will be pleased to give the information if I can find 
it among my papers before the discussion is finished. 

Mr. H. W. Crark.* There are one or two things [ would like to 
ask Dr. Soper about his very interesting paper. A very long article 
is published this week in Engineering News, which undoubtedly Dr. 
Soper has read, — a translation from a German paper, in regard to 
the meeting at which Dr. Theodore Weyl read his paper upon the 
ozonization of water, together with a discussion of the paper by 
several engineers in charge of sand filtration plants. In his paper 
Dr. Weyl made a statement that plants upon a practical scale were 
in operation in Belgium, Holland, and Paris. After this paper was 
read, and during the discussion, Mr. Halbertsma, a Dutch engi- 
neer, stated that there was no plant in operation in Holland on a 
practical scale, and that Tindal’s plant in Paris was simply a small 
laboratory plant. Now, I do not know just when that discussion 
occurred, but either there was a remarkable ignorance displayed at 
that meeting in regard to the operation of the large ozonization plants 
at Paris and at Blankenberg, or else they had later information than 
Dr. Soper has. I presume Dr. Soper’s information is later than 
theirs, however. 

Then another thing, Dr. Soper, in regard to your experiments at 
Columbia University, I think you said that with waters which you had 
colored artificially you were able to eliminate 75 or 80 per cent. of the 
color, and even more in some cases ; but when you applied the process 
to a natural water, that is, I presume, to the Croton water, you only 
eliminated 35 per cent. of the color. That, of course, is an amount 
which ordinary sand filters will take out, running at their usual rate. 
And then, in regard to the plant at Paris, I do not think you gave 
figures showing the percentage of removal of bacteria by the pre- 
liminary filters, and how many bacteria the ozone really had to kill 
to sterilize the filtered water, what percentage it was of the number 
in the raw water as it went to the filters. Those are two or three 
points I should like to have a little more information about. 

Dr. Sorer. Replying to Mr. Clark’s questions, I think I might 
point out that the discussion before the society of German water- 
works people was rather unfortunately produced, and that the subject 
of ozonization was not considered fairly upon its merits. Dr. Weyl 
is an enthusiast, and although he is a chemist and hygienist of some 
repute in Europe, he was not especially tactful nor discreet in the way 
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he brought about the discussion. He claimed at the outset that the 
efficiency of natural filters had been overrated, and that because 
of misplaced public confidence in them they had been the means of 
producing severe epidemics of disease in Europe, and that they were 
really a very dangerous institution instead of a means of protection. 
And that claim, rather stoutly presented, at once aroused the indig- 
nation of the German water-works superintendents and engineers, who 
had done a great deal to develop sand filtration, and, I may say, 
who knew very well that their sand filters were largely efficient, and 
had not been misrepresented as to their ability to protect the con- 
sumers against outbreaks of epidemic. I do not remember that 
Mr. Halbertsma said that there were no ozone plants in operation in 
Belgium. 

Mr. Crark. No, he did not. 

Dr. Soper. He did say that there were none in Holland where 
Baron Tindal came from, and he pointed that out in a sarcastic way 
as being significant of the inconsequence of the ozone system. As 
to the experimental nature of the Paris plant, I have only the figures 
which I have given, and I have no doubt many of them are not at all 
new to Mr. Clark, or to very many of the other gentlemen present. 
‘The plant is considerably larger than that at Blankenberg, and the 
amount of water treated at Paris has been stated in French 
periodicals. 

As to the experiments at Columbia University with color, I did say 
that very dark colors could be removed almost entirely by the ozone 
system and that I had removed them. I did not say that that could 
be done upon an economical basis. Such colors as I experi- 
mented with would no doubt be darker than those ordinarily met with 
in water-works practice. I stated that a certain amount of color 
could be removed ; if I remember rightly it was 35 per cent. or so, 
and other improvements made in the water under conditions that were 
practical, and that the treatment could be applied, as I applied it, 
to a water like the Croton water, which was filtered. If I have 
neglected any point, Mr. Clark, will you kindly suggest it again? 

Mr. Crark. I would like to say in regard to the Paris plant that 
I have understood it was of the size you have described. I simply 
wanted to know whether it was not in use at the present time, or had 
not been in use for the past few months, and it was for that reason 
that Mr. Halbertsma made that remark, and whether you had any later 
information than what has been published within six months or a 
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year in the French journals. One other question I asked in regard 
to the Paris plant was as to the percentage of bacteria removed by 
the filters, and how many the ozone had to kill to sterilize the water. 

Dr. Sorer. I might state that I think that Mr. Halbertsma’s 
reference to the Paris plant was to an experimental plant that was 
set up at the Hygienic Exposition, and that the operation of the pres- 
ent plant, which I have referred to, has been, perhaps, a little more 
recent than Mr. Halbertsma’s information. There have been no ex- 
periments made with either the Blankenberg plant or the Paris plant, 
so far as I know; at all events, the results of such tests have not 
been published. The source from which I obtained the informa- 
tion regarding the quality of the effluent from the sterilizers gave no 
facts concerning the number of bacteria in the water applied to the 
sterilizers. The water was considered to be filtered as wellas English 
sand beds ordinarily filter water in France, which is not as well as in 
other countries, undoubtedly, and it is presumable that there were 
considerable numbers of bacteria in the water. The principal point 
seemed to be that the water was practically sterile after treatment. 

Mr. Horatio N. Parker.* Mr. President, I should like to refer 
to an objection which was raised in that discussion before the German 
engineers, not, perhaps, a practical one, but one to which Dr. Soper 
may have a ready answer. The point was raised whether it would 
be safe to take a highly polluted water, — I mean by that one contain- 
ing an enormous number of bacteria, —and treat it by ozone, and 
then deliver it directly to the people; whether there would be any ill 
effects liable to follow from the use of the water. 

Then I should like also to know if Dr. Soper has at hand any 
figures as to how bacteria would behave when introduced into this 
water sterilized by the ozone process ; that is, supposing you were to 
introduce a culture of typhoid into the sterilized ozone water, what 
would take place? 

And then, furthermore, without wishing to be discourteous at all 
to Dr. Soper, I should like to ask him whether he has any figures in 
regard to the color of the water that has been treated by ozone after 
it has come from the filters; that is, was there a large percentage 
of the removal of the color subsequently to the sand filtration? I 
should think possibly somewhere in the work such figures might have 
been obtained, but unless my memory fails me we have n’t been given 
any such this afternoon. Of course, Mr. Clark has already asked 
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that question, and I don’t want to embarrass Dr. Soper any by 
repeating it. 

Dr. Sorer. Taking the last question first, Iam very glad of the 
opportunity to say that I have here the results of an analysis of the 


CROTON WATER BEFORE AND AFTER TREATMENT BY OZONE. 
March 16, 1899. 


Results in Parts per Million. Before. After. 

Albuminoid Ammonia. ...... 170 090 

Nitrogen as 

Bacteria per c.c. after 48 hours in neutral gelatine . ] 416 44 


EFFECT OF OZONE UPON ORGANIC MATTER AND BACTERIA IN 
CROTON WATER. 


Period of | PERMANGANATE. | BACTERIA PER C.C. | COLOR. 
Date of Collection, Ozone- | 
1899. Water Con- | 
tact.  |Before.| After. | % Dif. Before. | After. | % Dif. Before. After. | Dif. 
| 
March 14...... .|10 min. || 1.8 | 1.7 | 5.5 | 560 | 320) 42.8 1.50 | 1.00 30.0 
| | 
March2i...... 19 | 1.6 | 15.7 | 721 91 | 87.5 1.00 | 50.0 
March 28... 1.9 | 1.5 | 20.5 | 3938 | 512 | 86.9 2.00 | 1.00 | 50.0 
March 19: | 483 | 216 | 56.3 | 2.50 | 1.00 | 60.0 
April 7. .,, | 1.7116 | 85 13 018 |2 873| 81.9 | 2.00 | 1.75 | 12.5 


Croton water, made in March, 1899, in which the color was reduced 
from 24 to 1 after filtration. In regard to the albuminoid ammonia 
point, which was raised by Professor Kinnicutt, the albuminoid am- 
monia was reduced from .170 to .09. The results of several analyses 
are given in the accompanying tables. As to the ill effects of drinking 
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water which had been treated with ozone, I would refer to the report 
signed by Dr. Roux, among others, in the case of the recommenda- 
tions to the city of Lille, in which he says that there are absolutely 
no ill effects produced. To amplify that point somewhat, I might 
say that pure water is not considered a solvent for ozone. Ozone 
probably does not remain in solution in distilled water at all; perhaps 
very slightly in solution in waters that contain some organic or min- 
eral constituents. But the effect, so far as it has been observed, 
after the water has stood for a few moments subsequent to the ozone 
treatment, is a slight increase in the dissolved oxygen. The ozone, 
if it were in solution and there were any organic matters, would soon 
be absorbed by the organic matters in process of oxidation. 

In regard to the planting of typhoid germs in water which has been 
treated by ozone, I might say that, although there are no experimental 
or analytical data upon that point to my knowledge, there is every 
reason to believe that they would thrive there as well as in water not 
treated. The ozone process merely aims to sterilize water as heat 
might sterilize it, so far as the question of bacteria is concerned, so 
that no permanent germicidal property is held by the water. 

Mr. Parker. I think, Mr. President, perhaps I was at fault in the 
way I put my two last questions. As 1 understood the question that 
was raised by the German engineers, it was if the water might be 
delivered, when it came from being sterilized by the ozone process, 
without having first been treated by sand filtration, as I understand 
it was at Paris. I think the point they were after, though it was 
not made very clear, was— would there be any toxic properties, or 
mechanical effects which were unpleasant, produced by the bacteria, 
the dead bacteria, as it were? And my other question referred more 
as to whether the water would behave more like a spring water from 
having a culture introduced into it, or more like a river water. Both 
of those questions would refer to the toxic properties which might be 
induced by the growth of the bacteria, rather than to the ozone 
directly. Have I made that clear, Dr. Soper? 

Dr. Soper. I think I understand the point. If the water were 
not filtered, but were treated with ozone, it would probably not be 
sterilized, unless it was very clear to begin with. The action of the 
ozone would be irregular, and a good deal of the power of the gas 
would be consumed in attacking masses of solid organic matter. As 
to the production of toxic properties, perhaps some of the experiments 
that were conducted at Oudshoorn might have bearing. After deter- 


18 OZONIZATION OF WATER. 


mining the sterilizing capacity of the plant, it was determined to test 
the effect of ozone upon the poisonous products of bacteria, and for 
that purpose the toxine of tetanus was obtained from the Pasteur In- 
stitute of Paris. The toxine was diluted to one fiftieth concentration, 
and then a portion of it was injected into a mouse. The dose was 
one half of 1 c.c., as I remember it. The mouse died immediately. 
The solution of toxine was then subjected to the ozone treatment for 
ten minutes, after which doses of 1 and 2 c.c. and upwards were in- 
jected into mice without ill effects. I should like to answer the gentle- 
man’s question as clearly as possible, and if I am not quite on the 
track, I would be glad to be put on it. 

Mr. Parker. I thank Dr. Soper very much for his information. 
It is exactly what I was after. 

Mr. J. C. Haskety.* Mr. President, I would like to ask Dr. 
Soper why it would not be better to submit water to this treatment 
before filtration instead of afterwards? If we submitted it to the fil- 
tration process afterwards, all of these dead bacteria that have been 
killed by this treatment would be practically eliminated from the 
water, and without doubt it is easier to eliminate dead bacteria through 
filtration processes than live ones. I would like to ask Dr. Soper if 
he has any data by which he can tell which process is the more bene- 
ficial, — submitting the water first to the ozone treatment and then 
to filtration, or first to filtration and then to ozone? 

Dr. Soper. Mr. President, I would reply to Mr. Haskell’s ques- 
tion by saying that it hardly seems that the process of treating water 
before filtration with ozone is to be considered efficient, unless, as I 
may have said before, the water is very clear. Because, unless we 
intended to remove color or odor, it would be an irregular process, 
and sterilization would not be constant. It can be readily seen 
that small particles of mineral or organic matter afford hiding places 
for bacteria which it would be very difficult for ozone to reach. The 
more thorough the mixture of the gas and the water, the more thorough 
is the process. And in order to kill the bacteria they must be brought 
in contact with the gas or ozone. If there are particles of solid 
matter floating about in the water, the gas cannot be readily made to 
reach the centers of those masses ; and if the masses might be con- 
ceived to be composed of organic matter, the envelope of organic 
matter holding bacteria inside would have to be oxidized before the 
ozone would attack the bacteria. So far as I know, there have been 
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no experiments made on that point, excepting, perhaps, those of 
Ohimiiller, who pronounced very decidedly that waters which held 
much organic matter in suspension were difficult to sterilize. 

Mr. Grorce F. Cuace.* Mr. President, several years ago a paper 
analogous to Dr. Soper’s was read before the Association by Dr. 
Drown, on the electrical purification of water. The conclusion of 
Dr. Drown at that time was, that electrical purification of water on 
the large scale necessary for public water works was impractical. 
Dr. Soper has dropped a hint that it is either necessary or desirable 
that there shall be filtration of the water before it is subjected to the 
ozone process. Now, mechanical purification of water has been shown 
to be efficient, and if that is the case, what advantage is to be derived 
from the subsequent use of ozone? 

Dr. Soper. The advantages are not merely the benefits which 
might come from the sterilization of water. That, perhaps, was an 
important application, as viewed from the standpoint of the people 
of France and Belgium, where the system has apparently met with 
approval; but it would seem that important fields for the introduc- 
tion of ozone lay in the removal of color and odor. If at the same 
time a reduction can be made in the bacteria which, taking a con- 
jectural case, might come from a filter imperfectly operated, so much 
the better. 

In reply to Dr. Hollis’ question as to the amount of ozonized air 
required for water, I may say that the data I have given as my own 
for the treatment of Croton water are one cubic foot of air used for 
the treatment of 25 gallons of water. The contact in that case was 
not perfect. With an efficient contact, the ozone would be absorbed 
in the water, and there would be no escape of ozone at the end of 
the mixture. There was a decided escape of ozone in the experiments 
I refer to, because it was not found feasible to bring about a suffi- 
ciently intimate mixture of the ozonized air and water in the small 
laboratory apparatus. 

Tue PresipDent. Is there to be any further discussion upon Dr. 
Soper’s paper at this time? If not, in behalf of the Association, I 
desire to thank Dr. Soper for the information he has given us. 
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THE CONSTRUCTION OF THE FELLS RESERVOIR FOR 
THE METROPOLITAN WATER WORKS. 


BY JOHN L. HOWARD, ASSISTANT ENGINEER, METROPOLITAN WATER 
WORKS. 


[Read February 14, 1900.] 


Under the provisions of the act creating the Metropolitan Water 
Board, it was provided among other things that on or before Jan- 
uary 1, 1898, the Board ‘‘ should provide a sufficient supply of pure 
water for the following named cities and towns of the Metropolitan 
District and the inhabitants thereof, to wit: The cities of Boston, 
Chelsea, Everett, Malden, Medford, Newton, Somerville, and the 
towns of Belmont, Hyde Park, Melrose, Revere, Watertown, and 
Winthrop.” Since the passage of the act the number of places 
supplied by the Metropolitan Water Board has been increased by 
the admission of the city of Quincy, and the towns of Nahant and 
Arlington. Swampscott is also supplied with water, although not a 
part of the Metropolitan Water District. 

For the purpose of furnishing water to the higher portions of the 
cities and towns on the north side of the Metropolitan District, 
whose water supply was divided into high service and low service, 
and to furnish the entire supply for those places where there was no 
division in the distribution system, it became necessary to build a 
pumping station and reservoir on the north side to furnish to those 
places a supply of water similar to that given to the city of Boston 
and places to the south and west by the Fisher Hill Reservoir and 
the high service pumping station at Chestnut Hill Reservoir. 

In searching for a suitable location for a reservoir on the north 
side of the city, and considering the necessary requirements of such 
a site, attention was naturally directed to a large area of land already 
in the possession of the Commonwealth for a public park reserva- 
tion, known as the Middlesex Fells. After some discussion and sev- 
eral surveys, an area of land near the southeastern corner of the 
reservation was selected. It was quite centrally located to the cities 
and towns of the northern Metropolitan District on the north, south, 
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Fig. 1. —SITE OF FELLS RESERVOIR AFTER CLEARING. 


Fic. 2.— PLACING CONCRETE ON SLOPES. 
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and west, and on the easterly side only Winthrop, Swampscott, and 
Nahant are outside the limits of a four-mile circle drawn from that 
point as a center. Its elevation was above that of any supply in use 
by these cities and towns, so that no place should be supplied with 
less pressure than formerly. It was about 270 feet above Boston 
city base, and was originally an alder swamp (Plate I, Fig. 1), re- 
quiring only the excavation of material and the building of five 
short dams, at as many outlets, with an aggregate length of 982 
feet, to turn it into a reservoir of about 42 million gallons capacity, 
covering 8.52 acres. 

While engaged in making a survey of the proposed site, numerous 
rod soundings and wash borings were made and test pits were dug, 
in order to furnish a better basis for an estimate of quantities, and 
also to give the contractor as much information as possible before 
bidding on the work. 

The area covered by this survey was about 15 acres in extent; 
the area within the proposed dams was about 10 acres, and in this 
area there were made about 500 rod soundings, 40 wash borings, and 
40 test pits, which is about 50 soundings per acre or one sounding for 
each 900 square feet. On the proposed locations for the dams, sound- 
ings were taken at intervals of 25 feet on the center lines, in order 
to definitely determine the surface of the rock. 

Soundings at different points in this swamp showed pockets of 
mud from 12 to 20 feet in depth below the surface, or to grade 245 
and 238, but the soundings on the location of the proposed dams 
showed rock above elevation 245 in all cases. Before determining 
on this location for the reservoir, the opinion of a geologist was 
secured regarding the imperviousness of the surrounding rock, and 
its general fitness as a reservoir site. After a study of the site and 
a consideration of the data submitted, it was reported that from a 
geological standpoint the rock and seams would probably be practi- 
cally water tight, and that the site seemed a suitable one. for reser- 
voir purposes. The report stated, however, that it seemed probable 
that the surface of the rock as indicated by the borings would be 
found to be incorrect; that the borings showed a rock bowl on the 
summit of a hill with no point in the surface of the enclosing rock 
as low as points in the muck holes inside the bowl, and that if it 
should prove to be true it would be a curiosity from a geological 
standpoint. That is, there were pockets of mud in one case down 
to elevation 2384, but the lowest point shown by the borings on the 
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line of the dams was at elevation 246. The result vindicated the 
correctness of the scientific theory and demonstrated again the fact 
that depending absolutely upon borings for the surface of the rock 
is not always a wise proceeding. In one place, at the point shown 
by our borings, with rock at an elevation of 260, it was actually 
found at 2384, about 22 feet lower than shown. 

In Fig. 1 the rock as found is shown by the dotted lines; and the 
full line shows the rock surface as plotted from the soundings and 
shown on the contract drawings. The narrow seam of earth shown 
on the profile of Dam No. 5 is something that could not be expected 
to be found by borings, but it is somewhat surprising that the profile 
of Dam No. 2 should show such a variation from the contract draw- 
ings. The places where the dotted lines rise above the full lines are 
caused by slight changes in the location of the dams to avoid seams 
or rotten rock. These changes will be shown more clearly in Fig. 2. 

In Fig. 2 the full contour lines show earth elevations above 271 
and the rock contour at elevation 250 as plotted from the soundings. 
The dotted lines show the location of the dams and the water line 
as built, and the rock surface as actually found at elevation 250. 
The 250 contour lines agree as closely as could be expected, perhaps, 
except at the northwesterly corner of the west basin and on the 
easterly side of the east basin near Dam No. 4, the greatest varia- 
tion being about 50 feet. These variations when summed up, how- 
ever, were sufficient to increase the capacity of the reservoir from 
38,500,000 gallons to 41,350,000 gallons, or a little over seven per cent. 

The area selected was naturally divided by a point of ledge into 
two nearly equal parts, and by utilizing this rocky ridge and building 
two short division walls, one on the south end 108 feet long, and one 
on the north end 53 feet long, two basins were formed when the 
reservoir was drawn down six feet, so that when it became necessary 
to clean the reservoir one basin would be available for use at all 
times. 

In the design of the reservoir it was intended to remove all earth 
and vegetable matter from the ledge, and to cover the surface of the 
bottom, and the embankments, with concrete and stone, so that at 
no point would the water come in contact with anything likely to 
promote the growth of organisms, or furnish food for them. Sev- 
eral points of ledge extended nearly up to high-water level at dif- 
ferent places in the reservoir, and it was thought best to remove all 
of this rock above grade 265, so as to give a minimum depth of six 
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feet of water in the basins when full, and do away with shallow 
flowage as much as possible. 


RESERVOIRS AS PARTS OF PARK SYSTEMS, 


During the last few years the use of reservoir grounds in the 
Metropolitan District by the public as portions of the park systems 
has increased to a surprising extent, and there seems to be no good 
reason why landscape considerations should not be given more weight 
in their design. The opening of the various electric lines to the out- 
lying districts, the use of the bicycle, and the development of the 
boulevards by the Metropolitan and Boston Park Commissioners 
have all tended to increase the use of reservoir grounds by furnish- 
ing pleasant and convenient means of access to them. It is prob- 
ably safe to say that within the last ten years the use of the Chest- 
nut Hill Reservoir grounds by the public has increased tenfold, and 
it is by no means improbable that by the time the heart of the Fells 
reservation can be reached as easily as Chestnut Hill is now by 
the electric cars, running through parkways, and as this great reser- 
vation on the north side of the city becomes better known to the 
public, this place in connection with Spot Pond will be a pleasure 
resort for large numbers of people; and for this reason it was 
thought wise to depart slightly from the usual form of construction 
in order to improve its appearance and keep it more in harmony with 
its surroundings. 

It is usual in designing a dam to select a point where the quan- 
tity of material required for its construction will be the least, and 
after determining a safe section for the embankment to build it of 
the required dimensions, and, bearing in mind the fact that a straight 
line is the shortest distance between two points, to make it usually 
with straight and even slopes of 13 to 1, 2 to1, or 3 to 1; sometimes 
with a berm to break the slope, if the dam is a high one, but 
usually presenting to sightseers the outward form of a railroad 
embankment. 

In the case under consideration, it was finally decided to follow 
the designs of the landscape architects who had already been con- 
sulted by the Metropolitan Park Commissioners in their work, as far 
as possible without sacrificing the essential requirements for water- 
works purposes and without adding unduly to the cost of construc- 
tion. The outlines of the dams were made curved instead of 
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straight, some with fairly regular curves, others decidedly irregular, 
and all joining the original rock surface as naturally as possible. 
There was a large quantity of material to be disposed of, 100 000 
cubic yards of earth and 8 000 cubic yards of rock, and in order to 
better conceal the dams this surplus material was piled in their rear, 
in one place 25 feet high, and the surface was graded so as to run 
smoothly and naturally to the original ground. 

The supply to the reservoir comes through a 36-inch pipe from the 
pumping station at Spot Pond. Provision was made for doubling 
the capacity in the future, by laying a second line of 36-inch pipe 
through the core wall and dam at the inlet of the reservoir, and 
through the wall of the gatehouse at the outlet. All water, either 
entering or leaving the reservoir, passes through the gatehouse. 

The site of the reservoir is in a natural woodland surrounded by 
outcropping ledges on all sides, and the general appearance of the 
place is decidedly wild and uncultivated, and as if miles away from 
any considerable population (Plate I, Fig. 1). There was no sug- 
gestion of artificial surroundings at any point, and it was the aim 
of the landscape architects to avoid as much as possible all such ap- 
pearances in its construction. 


CONTRACTS. 


The contract was let in May, 1898, to T. W. Kinser & Sons for about 
$51 400. The price bid for earth excavation was 19 cents per cubic 
yard, and this included cutting, clearing, and grubbing the ground, 
all pumping and draining, the excavation of all the material except 
rock, the building of the rolled embankments, and the final disposal 
and grading of the material. The contractor stated that he did not 
expect to make a profit on the earth excavation at that price, and he 
was not disappointed. The weather was exceedingly unfavorable 
to the prosecution of the work. Possibly many here remember the 
kind of a working season it was from May to October, 1898. It 
seemed to rain about every other day, and in one particular case, 
after the excavation for a core wall was practically completed, the 
trench was pumped out three different times on as many days before 
a stuart could be made. In October the contractor abandoned the 
work, and with as little delay as possible the work of completing 
the construction of the reservoir was re-let, and on November 4 the 
contract was awarded to Nawn & Brock at a price for earth excava- 
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tion of 51 cents per cubic yard. This price, while considerably above 
what has been paid in many places for similar work, has proved 
none too large in this particular case, and it is probable that if the 
same contractors were asked to bid on a similar piece of work, their 
price would be increased over what they received on this. 

The bottom of the reservoir was established at elevation 250, 
which is as high as any of the supplies formerly used in this district, 
and, as the soundings showed the muck extending down to elevation 
288, it was decided to remove all muck below the bottom of the 
reservoir and refill the space with good material from the excavation, 
thoroughly rolled in four-inch layers with a heavy grooved roller. In 
the west basin the amount of muck to be removed below the bottom 
of the reservoir was estimated at 11000 cubic yards, all in one 
pocket, and in the east basin there was about as much more, but dis- 
tributed over a considerably larger area with three pockets, varying 
from six to eight or nine feet in depth below the reservoir floor. 

The contractor believed it would be more economical for him to 
take out this muck with a dredge, as it was too soft to shovel into 
carts, and too low to be drained without pumping, and when he tried 
to pump it out gave considerable trouble from clogging the suction 
pipe. At considerable expense he erected a Hayward excavator, 
which is a grapple dredge with a fixed length of boom, and which 
loads from one side only. With this dredge he loaded muck through 
a hopper into cars of about one cubic yard capacity, and then the cars 
were hauled by a hoisting engine in trains of six to the top of the 
dump and switched along on the dump fo the place of disposal. 
After several thousand yards had been excavated, the edge of the 
excavation under the dredge caved, requiring the moving back of 
the dredge before all of the muck had been excavated, and leaving 
a considerable quantity in the center of the muck hole that would 
have to be taken out by carts later. The muck taken out by the 
dredge was so full of water that after its disposal the dump became 
a quagmire; and although a platform was built under the track to 
keep it from sinking, after each shower it required more plank and 
attention to keep it in line, so that the cars could keep on the track. 
By this time it was seen that the work could not be completed that 
season in any event, and after cold weather it was found very easy 
to remove the muck by carts. A sump hole was kept well down in 
advance of the excavation, the muck was planked over where it 
went down too steeply to haul out the loaded carts, and of course in 
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cold weather, when the ground was frozen, it was no trouble to handle 
the material on the dump. 

The rock excavation was divided into two classes in this contract. 
It was known that a large number of boulders would be found, and 
on the exposed surface of the ledge in many places were loose and 
seamy stones that should be removed; so the rock excavation was 
classified either as loose rock or solid rock. Loose rock was defined 
as all boulders or loose rock that measured more than four cubic feet 
and less than $ cubic yard, and solid rock was defined as all boul- 
ders measuring over 4 cubic yard and ledge requiring blasting for its 
removal. In this case the contractor was paid for all rock that was 
taken out, even if it was outside the lines given by the engineer. 
It was thought that as whatever rock was taken out increased the 
capacity of the reservoir by 200 gallons for each cubic yard removed, 
# of a cent for each gallon added to the storage capacity was not 
unreasonable. 


DAMS. 


The dams were made with a concrete core wall of Rosendale 
cement mixed 1: 2:5, 3 feet wide on top and with a batter on each 
side of 1 in 12, bonded into the solid ledge by a trench from 2 to 3 
- feet deep. The face of the core wall on the side next the reservoir 
was plastered with a 4-inch coat of Portland cement, put on in two 
portions, as follows: next the concrete a thick coating of Portland 
cement mortar mixed in the proportions of one part of cement to 
one of sand was put on, rubbed to a uniform surface and left rough ; 
over this was spread a coat of neat Portland cement which was 
thoroughly worked to make a water-tight surface. The embank- 
ment surrounding the core wall was made of selected material rolled 
in 4-inch layers with a heavy grooved roller, without stones over 4 
inches in their greatest dimensions. The embankment was built one 
foot wider on the side next the reservoir than the dimensions given 
on the plan, and after it had been well rolled and packed this extra 
foot was taken off before the concrete slope was put on, and paid 
for as earth excavation. The embankment was 10 feet wide on top, 
with a slope on the rear side of 2 to 1, and on the side next the 
reservoir a slope of 4 to 1 to a point 4 feet below high water, and 
from there to the bottom of the reservoir a slope of 2 to 1. From 
the bottom of the reservoir to elevation 267, or 4 feet below high 
water, the surface of the embankment was covered with a layer of 
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PLATE II. 


Fig. 1.—COMPLETED Dam. 


Fic. 2.—GaTE HOUSE. 
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Portland cement concrete 4 inches thick, mixed in the proportions 
of 1:24 and 4, with a footing course 1 foot square at the bottom. 
Above elevation 267, to a point 14 feet above high water, the em- 
bankment was covered with a layer of broken stone 10 inches in 
thickness ; the under 6 inches of this covering was broken stone not 
more than 24 inches in greatest diameter, and the upper 4 inches, 
stones not more than 3 inch in their greatest diameter; all of the 
stones were free from dust or other fine material. 

All of the dams, with one exception, were built in this manner. 
The one next the gatehouse, however, was made somewhat more for- 
mal. The gatehouse of course was plainly the work of man and not 
of nature, and for this reason the landscape architects considered that 
an obvious dam with straight slopes and stone paving would not be 
out of place. So this dam was built with a straight slope of 2 to 1 
from the bottom to the top. The concrete extends from the bottom 
of the reservoir to a point 6 feet below high-water line, and from 
there to a point 2 feet above high-water line the dam is faced with 
stone paving 18 inches thick, the bottom layer being of broken stone 
and about 6 inches in thickness (Plate II, Fig. 1). 

In placing the concrete on the slopes, sets of rails consisting of 
two 2 x 4-inch sticks with a 2-inch stake between them were laid to 
line and grade not more than 10 feet apart (Plate I, Fig. 2). 
Then the space between the rails was carefully graded, and concrete 
put on as dry as possible and still have the moisture come to the 
surface after ramming. The surface was left about 4 inch below the 
top of the rails. Then within an hour a mason went over it with a 
mortar mixed 24 sand to 1 cement, and smoothed the surface with a 
trowel. At first the contractor thought he could nail boards across 
the rails, and by starting from the bottom and ramming the concrete 
under the planks and adding one plank at a time secure a fairly 
smooth surface without having to make use of « coat of mortar after- 
wards. In one or two instances fairly good results were obtained, 
but generally after the lagging was removed there were so many 
places that needed smoothing up and patching that it was thought 
better to do the entire surface the other way and get a uniform 
result, as well as being cheaper than using boards, not many of 
which could be used on a second dam, owing to the difference of the 
radii of the curved surfaces. Possibly, if the surface of the dams 
had been straight instead of curved, the boards might have worked 
better. 
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On the bottom also a layer of concrete 4 inches thick was placed, 
made of Rosendale cement; it was not intended to be water tight, 
but merely to prevent the water from coming in contact with earth 
that might furnish food for the growth of organisms, and to facili- 
tate the cleaning of the basin. The plastered surfaces of the core 
walls were relied upon to prevent leakage from the reservoir. 

The division walls between the basins were made of Portland 
cement concrete, 6 feet wide on top with a batter on each side of 
1 in 8, and extended down to the solid rock, and were bonded into 
the rock by a trench about 3 feet deep. These walls were not plas- 
tered on the outside, but proved practically water tight under heads 
of 15 feet, which is all they can ever be called upon to sustain. 

The 36-inch force main is carried through the reservoir 2 feet 
above the bottom on concrete piers, to which it is anchored by means 
of a 2x4 inch wrought-iron strap around the pipe connected by 
rods and turnbuckles with a 4-inch channel iron buried in the con- 
crete (Plate III, Fig. 1). The grade of the bottom of the pipe, 
2 feet above the bottom of the reservoir, was fixed chiefly to save 
rock excavation in the deep cuts in the approaches at either side of 
the reservoir; it also facilitates the work of cleaning the reservoir, 
and permits the water to drain freely to the gutter from the sides of 
the basin. The gutter is V-shaped, 2 feet wide on the top witha 
maximum depth of 6 inches and minimum depth of 2 inches, and 
has a fall of 4 inch in 100 feet. 


GATEHOUSE. 


The original study for this reservoir provided for two gatehouses, 
one at the inlet and one at the outlet; but after further considera- 
tion it was decided to bring the water through the reservoir in the 
force main to one gatehouse, from which it could be distributed into 
either basin, or supplied directly to the cities and towns as desired. 
The substructure is made of Portland cement concrete. The out- 
side walls are 3 feet 4 inches and 3 feet 8 inches wide on the top, 
with a batter of 1 in 12; the inside walls have a minimum thickness 
of 3 feet and are vertical. About a foot from the inlet is a set of 
three grooves for stop planks or screens ; 6 feet beyond are openings 
on either side at elevation 267, governed by stop planks, to be used 
when it is not desirable to draw water from the bottom of the reser- 
voir; then a few feet further is a weir 6 feet wide, for measuring the 
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PLATE III. 


Fig. 1.— FELLS RESERVOIR BEFORE FILLING. 


Fig. 2.— FELLS RESERVOIR, COMPLETE. 
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flow when desired. Just beyond the weir is a 16-inch overflow pipe, 
the top of which is set 1 foot above the usual high-water line and 
connected with a 16-inch drain about 800 feet in length, which dis- 
charges into a swamp below the reservoir. ‘The two front chambers 
are drained by means of 3-inch valves connected by a brass pipe with 
the 16-inch drain, andthe two rear chambers, which will be used in 
drawing the water from the reservoir when cleaning the basins, have 
12-inch valves connected with the drain. A 1-inch brass pipe is laid 
to each basin and connected with float pipes in the wall of the gate- 
house for indicating the height of water in the reservoir on a 
recording gage. On the rear wall and side wall the concrete foun- 
dation extends only to elevation 265, and above that the exposed 
surface is quarry faced granite masonry. 

It will be noticed that a wing wall is shown only on one side of 
the gatehouse (Plate II, Fig. 2). There was none required on the 
other side, as the slope from the embankment either met ledge or 
ran out against the second 36-inch pipe that was built into the wall 
to provide for an increased future supply. No plastering was done 
on the walls of the chambers, care being taken to place the finer parts 
of the concrete next the forms; and after removing the forms the 
wall came out fairly smooth without showing any stones or cavities 
on the surface. 

The openings in the gatehouse are governed by 36-inch sluice 
valves operated by hand wheels from the floor. A ratchet wrench is 
furnished with the valves so that they can be operated by one man 
under the most unfavorable conditions. 

The superstructure of the gatehouse is made of a brown seam- 
faced stone with granite base and trimmings, and has a tile roof. 
The inside dimensions on the floor are 27 feet 6 inches x 22 feet 4 
inches, with an ell of 12 feet 4 inches x 9 feet 2 inches. 

A comparison of the engineer’s preliminary estimate of the prin- 
cipal items for the construction of the work and prices for the same, 
with the prices at which the contracts were awarded, is on page 32. 

The amount of the contract using the preliminary estimate of 
quantities and the prices bid at the first letting was $51 465, and 
there was paid on this contract $35 038.48. The additional amount 
of the second letting, using the price bid at that time and the esti- 
mated amount of work remaining to be done, was $54 871.50, or 
$3 406.50 more than the amount of the first bid for the entire work, 
and there was paid under this second contract $68 836.40. 
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The total estimate of the engineer for the work was about $103 000, 
without the superstructure of the gatehouse, sluice valves, and oper- 
ating machinery, or engineering expenses. The actual amount paid 
to the contractors on both contracts was $103 874.88; and the cost 
per million gallons was about $2 500. 


MetTROPOLITAN WateR Works — FELLS RESERVOIR. 


Comparison of Preliminary Estimate with Actual Quantities and Prices. 


Portland Rosendale | Portland 
Earth Ex- Ceme: 
cavation. 
Cu. yds. 


neer’s +| 100000 | 
$0.40 $2.00 $6.50 
Estimate. bon $40 000.00 $10 400.00! $19 250.00 $770.00 
First Quantities . ; 54 101 — | 196598 
ce $0.19 : $550} $3.95 $0.25 
Contract. ‘4 mount Paid | $10 279.19 —— | $7763.66 $172.85 


Second { Quantities... . 1817 2708 | 540.0 
t. Price $0.90 $7.00 $5.25 $0.75 
Amount Paid . . .00| $12 719.00/ $14 217.00 $405.00 


Total, Both { Quantities. . . 1485 450 1817 4678 | 1231 
Contracts. Amount Paid . ($39 1. .00| $12 719.00) $21 979.68 $577.35 


Discussion. 


Dr. F. S. Hoxis.* I would like to say, as something supple- 
mentary to Mr. Howard’s interesting paper, that it has been my 
duty to examine the water of this reservoir since it was first filled 
early in September. Without exception it has been uniformly lower 
in color and organisms than the water pumped into it, as would be 
anticipated from the fact that the organisms and the color to a slight 
extent are decreased by passing through a number of miles of pipe, 
— in this case, I think, something over twelve miles. With a single 
exception, which I think was in May, there have been absolutely no 
local growths in the reservoir since it was filled. There has been no 
increase, in other words, in the organisms over those put in. From 
the method of construction, the division of the reservoir into two 
basins, one of which can be drawn down while the other is in use, 
and the very clean rock surface and cement bottom, it ought to be 
possible to keep the reservoir in the most perfect condition as re- 
gards the quality of the water stored there. 


* Biologist, Metropolitan Water Works. 
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Mr. Watter H. Sears* (by letter). In connection with this 
paper, a brief reference to the construction of the dams of the Win- 
chester Water Works, which are in this immediate vicinity and 
which were built under my direction, may be interesting. 

The North Reservoir dam was built in 1873 and 1874, and that 
of the South Reservoir in 1880 and later. 

The north dam, as well as that for the South Reservoir, was built 
on a curve, as being really the line which required the least amount 
of earthwork in the embankment. Both dams were built with core 
walls of stone laid in cement, with a coating of mortar plastered on 
the water side, and a second coating of neat cement troweled on in 
a thin layer and then brushed over with a wet brush. This work 
was done by a skilled mason. 

At the south dam a pocket of mud or muck, some sixteen feet 
deep, was encountered. This muck was entirely vegetable in char- 
acter, with no stones or gravel except where such may have become 
mixed in around the sides of the pocket. Incidentally it may be 
mentioned that the remains of a beaver dam were encountered in 
this deposit; sticks two inches and even three inches in diameter 
were found, with the ends sharpened in the manner peculiar to the 
beavers, still showing the marks of their teeth, although it must have 
been very many years since these animals lived in this region. 
These sticks were quite soft when first found, and after a few days’ 
exposure to the air they became full of cracks as the water dried 
out, so that they could not be preserved. 

There was a small brook running through the valley at this time, 
and it was decided to utilize the same in removing this muck. The 
stream was dammed temporarily and the water used to bring the 
muck into a semi-fluid condition, in which state it was allowed to 
flow into a well or sump, from which it was pumped by an ordinary 
rotary pump and allowed to flow away down the original channel of 
the brook or over the ground below the dam site. 


* Civil Engineer, Plymouth, Mass. 
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WOODEN JOINTS IN CAST-IRON WATER MAINS. 


BY WILLIAM MURDOCH, ENGINEER AND SUPERINTENDENT, 
SAINT JOHN WATER WORKS. 


[Read March 14, 1900.) 


Water was introduced into the city of Saint John, N. B., through 
a steam pumping plant, in the year 1837. The jointing of the pipes 
then was mainly in lead. Some rust joints were made also, and 
they have remained intact ever since. One of these, which had 
occasion to be broken about two years ago, was found in perfect 
condition. 

When preparations were being made for the abandonment of the 
pumping system and the laying of a 12-inch gravitation main 44 
miles in length, the superintendent of the Saint John Works, Mr. 
Gilbert Murdoch, was sent to Halifax, about the year 1849, to 
observe the process there adopted of jointing the pipes with wood, 
in the introduction of water to that city. Asa result, the Saint John 
pipe, which was completed in the year 1851, was jointed throughout 
with wood, only excepting such joints, mainly in specials and stop 
cocks, as were either so large, so small, or so unsymmetrical that the 
staves would not fit. 

A 24-inch main was laid in the year 1857 alongside the 12-inch 
main, and wood was again used, the proportion of wood to lead being 
about the same as on the preceding occasion. 

Another 24-inch main was laid in the years 1873 and- 1874. 
Turned and bored joints had been invented by this time, and a 
large number, perhaps one half, of this kind were employed. The 
remainder of the joints were made some with wood and some with 
lead. 

The experience with these joints has been that the wood has proved 
the most desirable jointing material. Driven dry and well wedged, 
on absorbing moisture from the water in the pipe it becomes perfectly 
tight, the only evidence of the presence of water within being in the 
mere dampness of the end wood exposed. On the pipes contracting 
and expanding, under changes of temperature, the elasticity of the 
wood has allowed of a longitudinal shearing to and fro in the fibers, 
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whilst the surfaces remained in close contact with the iron, and no 
leakage took place. The proof of this is in the fact that scarcely 
ever does a leak occur in a wooden joint. 

Lead calking, on the other hand, becomes pulled as the pipes con- 
tract, and remains out when they expand again in summer. Another 
pull is given the succeeding winter, and so on until the pressure 
overcomes the resistance of the lead and you have a blown joint. 
To be sure, this process takes place only in plain joints. A groove 
in the. socket will overcome this difficulty, but it will also require 
more lead. 

Turned and bored joints enjoyed considerable popularity for some 
time. For the information of any who have not seen them, it may 
be stated that such a joint consists of a slightly tapering turned 
spigot end fitting accurately into a bored or machine-cut faucet or 
bell. Such surfaces are well smeared with white lead and the joint 
slammed home. Some have a slight recess left for the addition of 
lead if thought necessary, but the recess in our case was not grooved ; 
and the lead where used has often backed out. 

The objection to such joints has been that under changes of tem- 
perature their rigidity has caused leakage. If laid in warm weather 
and exposed to the sun, on cooling the pipes shrink and the joints 
open; and if laid in frosty weather and later on subjected to heat, 
a socket will now and then burst. They cost more than plain joints, 
and for the reasons given seldom remain tight. 

All of these considerations prevailed upon the writer to use wood 
for jointing a 24-inch cast-iron pipe, laid by him in the years 1898 
and 1899, for the supply of the western district of the city of Saint 
John. 

The length of the main is 54 miles, and the deepest depression is 
166 feet below the level of the lake from which the head is derived. 

All of the joints are of pine, with the exception of specials, stop 
cocks, and other unstandardized connections into which the staves 
did not fit. These odd joints are of lead. The pressure has been 
on and the main in operation for about three months, during which 
time there has been no trouble of any kind. 

The contract price of the staves has been 13 cents per joint, and 
the cost of labor, laying and jointing, about 57 cents per joint, 
making a total cost per joint of 70 cents. The rate of wages was 
$1.20 per day. 

It must be borne in mind that before covering a pipe jointed with 
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wood it is necessary to let in the water and examine every joint 
carefully for leakage. Where a leak occurs, drive a wedge into the 
wood either flatwise or crosswise, as may be necessary for thickening 
or for broadening the stave. Once it is wedged up tightly, and the 
pipe covered over, no further leakage will occur. 

As to the durability of wooden jointing material, the accompany- 
ing samples will speak for themselves (Plate I, Fig. 1). That 
marked A was taken from the 12-inch main, about four years ago, 
after having been in use about forty-five years. B was removed 
after about forty years’ service in the 24-inch main. Both have been 
lying on a shelf in dry air for three or four years, yet their varied 
experience has not induced decay. Indeed, some joints of iron pipe 
have decayed where exposed to acids and electric currents in the soil, 
but wooden jointing material has invariably held its own against the 
ravages of time. 

The stave marked C is one of the pattern used last year on the 
24-inch pipe, of which the following is the 


SPECIFICATION. 


1. There will be required by the Board of Management of the 

Department of Public Works of the city of Saint John, 
2 400 joints for 24-inch pipe. 
250 joints for 12-inch pipe. 
80 joints for 10-inch pipe. 

2. A joint in each case shall consist of a sufficient number of 
staves to encircle the exterior surface of a pipe, and the circumfer- 
ence shall be as follows : — 

24-inch pipe, 81 inches. 
12-inch pipe, 42 inches. 
10-inch pipe, 35 inches. 


Each stave is to have a length of four and one quarter (44) inches, 
and a thickness throughout of seven sixteenths (7%) of an inch; the 
outer and inner surfaces are to be concentric, and the sides radial. 

3. Each stave is to conform transversely with the curvature of 
a circle whose radius shall be as follows : — 


For 24-inch pipe, radius 12 inches. 
For 12-inch pipe, radius 63 inches. 
For 10-inch pipe, radius 54 inches. 


| 
| 
| 
| 
q 
tes 
{ i 
i 
| 
| 
| 
| 
pee 


MURDOCH. 87 


4. All of the staves are to be made of clear white pine, straight in 
grain without knots or shakes, worm holes or rot. No stave will be 
accepted which does not conform with these conditions, and they 
must be well seasoned and thoroughly dry. 

5. All of the staves must be made to the satisfaction of the engi- 
neer and superintendent of sewerage and water works for the time 
being. He will have authority to reject any that in his judgment 
do not conform with the conditions of this specification, and his 
decision shall be final. He shall also have the right to explain any 
supposed ambiguity and to alter any dimensions named herein prior 
to or during the course of manufacture of the staves, such alteration 
not to affect the contractor’s right to be paid for those already made ; 
and it shall be the duty of the contractor to cause such staves made 
by him or under his direction to have the exact dimensions so given 
by the said engineer and superintendent, when stated in writing by 
the said engineer to that effect. 

6. The engineer to have the right to increase or diminish the 
number of joints to the extent of ten per centum above or below the 
number herein named in each class, giving notice to the contractor 
to that effect, in writing, prior to the manufacture of the staves ; 
but should the whole number of any class be made, and the engineer 
then find that all are not required, the city shall, nevertheless, accept 
the whole. 
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A FEW NOTES ON CAST-IRON PIPE. 


BY FREEMAN C. COFFIN, CIVIL AND HYDRAULIC ENGINEER, BOSTON. 
[Read March 14, 1900.]} 

While in Yarmouth, N. S., recently, I noticed a cast-iron pipe 
joint that is used there which is different from anything I have used 
or seen used in the United States. 

In this joint the spigot and bell of the pipe are turned as shown 
in the accompanying sketch (Fig. 1).* This drawing was furnished 
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News. 
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Fig. 1. 

me by the Montreal Pipe and Foundry Company, which has a pipe 
foundry in Londonderry, N. S., where this form of pipe is made. 
This company informed me that the charge for this pipe was about 
five dollars per ton more than for the ordinary bell and. spigot pipe, 
which would mean an addition of about thirteen per cent. to the 
Canadian price of pipe. 

The drawing shows a 4-inch pipe with a lead space one inch deep 
by one fourth inch in thickness. The weight of this lead joint would 
be approximately 0.15 pound per foot of pipe, with 12-foot lengths, 
while in the ordinary pipe joint it is 0.5 pound per foot of pipe. 

The following table shows that the saving in the weight of lead 
- will not compensate for the extra cost of the pipe : — 


* For this cut the JOURNAL is indebted to Engineering News. 
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COST OF PIPE AND LEAD PER FOOT. 


Cost, Plain Joint. Cost, Turned Joint, Difference 

Diameter. Weight per foot. Lead. Total. Pipe.’ Lead. Total. 
4in. 18 lbs. $0.241 $0.025 $0.266 $0.271 $0.00S $0.279 $0.013 
6 30 ,, 402 
60 ,, .805 860 3.91 -067 


79 1.058 .065 1.123 1.195 .020 1.215 


The yarn used for gaskets is saved, as well as the time required 
for driving the same, by the use of the turned joint. The time usually 
spent in centering the pipe is also saved. The pipe, after being 
entered and forced home, remains rigidly in place, and there is noth- 
ing to do but run and calk the lead. 

The turned portions are slushed before leaving the foundry to pre- 
vent rusting. 

I am informed that ordinary deflections from line can be made as 
well as with the usual form of joint. It is hardly probable that as 
great deflections can be made as are sometimes done with the latter. 

Mr. George H. Robertson, Superintendent of the Yarmouth Water 
Works, speaks very highly of the joint, and says that, in his opin- 
ion, the extra cost is fully offset by the ease with which the pipe is 
laid. 

This joint certainly has an interest for water-works men. 


WEIGHTS OF CAST-IRON PIPE. 


The weights of cast-iron pipe adopted by different users and mak- 
ers of water pipe for the same head or pressure are far from uniform. 
Many foundries issue cards giving their standard weights for various 
sizes and heads. From two cards that I have compared I have taken 
the following weights per 12-foot length for 200 feet head : — 


Comparison of Standard Weights of Pipes from Two Foundries.— 
Pounds. 


Diameter of pipe, in., 


First foundry ......... . 213 364 588 739 949 1232 1496 — 2128 2735 
Second foundry ....... 259 432 666 900 1196 1577 1925 2322 2744 3800 


Per cent. of difference... 21.5 18.5 23.5 20.5 26.5 28 29 — 29 39 


As showing the difference in the practice of engineers, the follow- 
ing table gives the weights of pipe used by the Boston Water Works 
for 200 feet head, and also those used for many years by the late 
M. M. Tidd, Civil Engineer : — 
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Table of Weights used by the Boston Water Works and by M. M. 
Tidd, C.E.— Pounds. 


Diameter of pipe, in., 4 


Boston Water Works --. 260 420 600 815 1050 — — 2250 2985 
M. M. Tidd 218 361 529 723 944 1191 ue 1761 2086 2811 


Per cent. of difference-. 20 13.5613.5124 11 — 10 — 8 6 

Is such a divergence in practice necessary or desirable? Are those 
who use the light weights taking a great risk for which they must 
suffer in increased breakage, or are those who use the heavier weights 
simply throwing away money on unnecessary iron? There are prob- 
ably good reasons for using heavy pipe in the business district of 
the city of Boston, but these reasons do not exist in most places. 

This is a serious and important question for a body of men who 
represent the use of so much cast-iron pipe as do those who compose 
the membership of the New England Water Works Association to 
consider. How are they to decide what weight of pipe to use? 

The engineer of the Metropolitan Water Board is using a list of 
weights for 200 feet head that are practically the same as those of 
M. M. Tidd, given in the foregoing table. Pipe of this weight is 
called by them Class C. It should be noted that in their list they do 
not include in Class C any pipe smaller than 12 inches in diameter. 
Ido not know whether or not this indicates that they do not use 
light weights of the smaller pipe. 

The following table gives the Boston weights, those of the Metro- 
politan Water Board, and of M. M. Tidd, for sizes from 4-inch to 
24-inch and for 200 feet head : — 


Table of Weights of Pipe for 200 Feet Head. 


Diameter, Boston Water Works. Mette olitan Water Works. M. M. Tidd. 
inches. Weight in Pounds. Weight in Pounds. Weight in Pounds. 
‘ per ft. per length. per ft, per Jength. per ft. per length. 
260. 2 
420 
600 
815 
1050 


1615 


2250 
2985 


As the result of my experience and observation I believe that the 
water pressure has little to do with the breakage of water pipe under 


14 100 1200 99.4 1191 
16 134.5 123.6 1485 122 
18 146.8 1761 
20 187.2 173.2 2080 173.8 2086 
24 248.5 298 9740 234. «811 
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the ordinary conditions that prevail in water works. I omit from this 
statement such extreme pressures as 150 pounds per square inch and 
over. Aside from these unusual pressures, I am very firmly of the 
opinion that the pressure need not be considered in the design of the 
thickness of water pipes. It should be controlled by other factors. 
I imagine that many men who handle and lay water pipe will agree 
with me when I say that any pipe that will pass the test of 300 
pounds water pressure imposed upon all pipes at the foundry, and 
stand transportation and handling until laid, will sustain the water 
pressure in any ordinary water-works system, no matter what their 
weight or thickness may be. The critical consideration is at what 
thickness of shell will the point be found where the saving in weight 
of iron will be exceeded by the loss due to breakage in transportation 
and handling. There is another element which should be considered, 
and that is the place in which the pipe is used, as affected by heavy 
traffic on the street surface above and the liability of disturbance by 
excavation in the street for other purposes; or, in other words, the 
difference between urban and suburban conditions. 

I believe that all fine distinctions of classification of water pipe 
can be abandoned with safety and advantage, and three classes be 
adopted that will cover all cases in water-works practice : — 

1. ** Light” pipe, to be used with less than 100 feet head or 43 
pounds pressure, or for temporary work. 

2. ** Standard ” pipe, for all ordinary water-works service from 43 
to 150 pounds pressure or 100 to 350 feet head. 

3. ‘* Heavy” pipe, for all pressures exceeding 150 pounds, and for 
places requiring strength to resist external stress, such as city streets. 

The following table is a suggestion for the weights of such classes 
for pipe from 4 to 24 inches in diameter. 


Table Giving Weights of Cast-iron Pipe from 4 to 24 Inches in 
Diameter. — Pounds. 


Diameter, 
inches. 


Light re. Standard Pipe. Heavy Pipe. 
eight Weight Weight Weight Weight 
per length. per ft. per length. per ft. per length. 


per 
ga 4 17 204 19 228 22 264 
: 6 27 324 30 360 35 420 .. 
eae 8 40 480 45 540 50 600 
10 54 648 60 720 70 840 
12 68 816 80 960 90 1080 
: 14 85 1020 100 1200 115 1380 
16 105 1260 125 1500 145 1740 
18 120 1440 150 1800 175 2100 
E 20 140 1680 175 2100 205 2460 
24 185 2220 225 2700 270 3240 
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If some such system could be adopted, it would result in a great 
simplification of the pipe business. All pipe could be ordered and 
paid for by the lineal foot with the provision that they should not 
fall short in weight more than a certain percentage. All questions 
of long and short tons would be settled, and the inspector would 
only have to count the pieces and see that the weight marked on the 
pipe was not less than the minimum. 

If we could go a little further and have a set of standard specifi- 
cations for pipe, much time, expense, and misunderstanding would 
be saved. 

If specifications could be prepared that would receive the sanction 
of this Association and be known as the New England Water Works 
Association specifications, they would be a valuable addition to 
water-works practice. Such specifications need not preclude individ- 
ual ideas, for if one wished to hold to some peculiar notions of his 
own, and was willing to take only a fraction of the trouble that he 
must take at present, they could be simply added to the standard 
specifications for his own use. 

Then an inquiry for pipe could read as follows : — 


To THE Bett & Spicor Founpry. 
Quote prices on 5 000 feet 10-inch Standard water pipe, New Eng- 
land Water Works specifications, delivered in Blanktown. 


Yours truly, 
Line. 


This would cover every point thoroughly, and could be done by 
wire at small expense. 

Such specifications would tend to introduce uniformity in a line of 
work in which it is possible and most desirable. 


DIscussIon. 


Mr. Joun C. Coase. The use of cast-iron pipe with what is 
termed a turned or ground joint was common in England and Scotland 
some thirty years ago, but I am not aware that it has ever been used 
in this country. When the Manchester, N. H., Water Works were 
built in 1872, the force main, which was to be of cement-lined wrought- 
iron pipe, was provided with cast-iron bells and spigots, and an 
attempt was made to use a ground joint. No lead was to be used 
in the joint; but the experiment was not a success and a regular lead 
joint was substituted. It may be a novelty to some who do not 
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know about it to be told that the sheet-iron shell was put into the 
mold, and the cast-iron bell and spigot cast around it. What con- 
dition it is in at the present time I do not know, but perhaps our 
friend Walker can tell us. 

Mr. Cuartes K. Waker. It has worked well so far. 

Mr. Cuase. This is the only case I am aware of where pipe of 
that description has been used. As I remember it, it was on the 
lower third of the force main, where there was something like one 
hundred feet pressure. 

Mr. Corrin. I omitted to state that this pipe of which I spoke 
in the paper was originally introduced into the Provinces from Scot- 
land. It is termed a turned joint and not a ground one, and is not 
intended to be tight, but only to do away with the gasket and to 
center the pipe. 

Mr. Cuase. I believe the original Scotch pipe dispensed with 
the lead entirely. Is not that your understanding ? 

Mr. Corrin. That may be true; but the information I received 
was that this particular pipe was brought first from Scotland and 
then copied in the Londonderry foundry. 

Mr. Cuase. In the case I have mentioned it was proposed to 
dispense entirely with lead, using instead a turned joint, and have 


the pipes driven together tightly enough to prevent leakage ; but the 
experiment was not a success. 


CEMENT-LINED SERVICE PIPES. 


CEMENT-LINED SERVICE PIPES. 


BY FAYETTE F. FORBES, C. E., SUPERINTENDENT, BROOKLINE, MASS., 
WATER WORKS. 


[Read February 14, 1900.] 


Of the many problems which confront those who design and main- 
tain systems of water works, perhaps no one is more perplexing 
than that of selecting the right material for service pipes. 

The choice must lie between some kind of protected iron and lead, 
for plain wrought-iron pipes are completely stopped up in a few 
years by the formation of rust, and the water which is drawn through 
them from the first is more or less discolored and thereby rendered 
unfit for laundry or other domestic purposes. 

There are several ways of attempting to protect the wrought-iron 
pipes from the oxygen in the water; but with the exception of a 
lining of lead, tin, or cement, the processes have a doubtful value 
in prolonging the life of the pipes for the purposes for which they 
were designed, beyond a few years. 

It seems to the writer that, with our present knowledge, it is not 
wise to use lead in the great majority of cases for several reasons, 
although it has the advantage of being easily carried over, under, 
and ‘around obstructions, and resists the corrosive action of some 
soils much better than wrought iron. It is well to bear in mind in 
this connection, however, that the water supplied any city or town 
may change with varied conditions, or perhaps it may be necessary 
* to obtain a supply from an entirely new source, and the new water 
may attack the lead freely and thereby cause an injury to the health 
of the people using it. 

An experience of twenty-six years has convinced the writer that 
cement-lined wrought-iron pipe can be made, and the lengths put 
together in such a way that a very excellent service pipe is obtained. 

Pipes have been removed during the past year in the Brookline 
plant which have been in use for twenty-five years,-and no accumu- 
lation of rust was found on the inside of them, and the water way 
was as clean and perfect as the day the pipe was laid ; and moreover 
several have been removed during the past years and all tell the 
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same story. I might state further that for twenty-five vears not 
one cement-lined pipe used in Brookline has failed to deliver its sup- 
posed quantity of water, when demands have been made on it, and 
in addition to this continuous freedom of flow, the water is always 
free from rust unless some disturbance has occurred in the street 
mains, for which, of course, the service pipes are not responsible. 

I do not believe that the conditions in Brookline differ greatly 
from the conditions in most other cities and towns, and I must think 
that our success with cement-lined service pipe is owing in a large 
measure to the care taken and skill employed in lining it. 

From an economical point of view, a pipe of this kind takes first 
rank. The total cost of preparing and lining a one-inch pipe, includ- 
ing cement, never exceeds one and one-half cents per foot. Last 
year the total cost of one-inch pipe lined and piled up, was four and 
two-tenths cents per foot. This year, however, owing to the great 
advance in the price of iron, it will be about eight and two-tenths 
cents per foot. 

This cost is given at this time that a comparison may be made to- 
day with a three-quarter wrought-iron pipe differently protected from 
rust, which gives about the same capacity when new as a one-inch 
cement-lined pipe. 


Cost of 32-inch tin-lined pipe is about $0.325 


lead 


It seems to me that a description of the whole process of lining 
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may be of interest to the members of the Association, and I will 
state it as briefly as possible. Our manner of procedure is as 
follows : — 


PIPES. 


Our departure from the usual custom begins with the buying; we 
specify that the lengths shall be about sixteen feet long and also of 
standard weight. A pipe eighteen or twenty feet long cannot be 
lined with the same degree of success which can be obtained with 
pipes somewhat shorter ; and our experience has taught us that pipes 
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about sixteen feet long give the best results. I might add that we 


find no difficulty in buying pipe of the shorter lengths, and neither is 


the cost increased thereby. 

After the pipes are delivered at our shop, we first straighten all 
which are much bent. The couplings are then removed, turned 
around, and screwed on the other end, in order that there may be 
no trouble in putting the lengths together when lined. The pipes 
are then carefully examined in order to make sure that no defect 
exists in the welds or other parts of them. The next step is to run 
a cutting tool slightly smaller than the inside diameter of the pipe 
through each length to remove all dirt, scales, and projections of 
iron from the welds. The pipes are now ready for lining. 


LINING. 


No sand should be mixed with the cement. Portland cement is 
not fit for this work, being too heavy and liable to fall from the sides 
of the pipes before setting. We have used the F. O. Norton brand 
with great success; but any good American natural cement, which 
does not set too rapidly and is freshly ground, can be used with 
confidence. It is very necessary to sift all the cement through a 
moderately fine sieve, as we find that even the best cements contain 
small pieces of unground rock and other substances which interfere 
seriously with the lining. It is also extremely important that the 
cement should be used quickly after wetting. 

When lining, we have one man who does nothing but mix the 
cement, usually preparing enough for five or six pipes at one time, 
and constantly working it over to keep it at the right thickness. If 
a little of a batch is left, we prefer to throw it away rather than to 
mix it with the next lot. 

The press used for filling the pipe is made by the Union Water 
Meter Company, of Worcester, Mass. ; in fact, they make the whole 
outfit, including cones, etc. It is necessary to fill the pipe entirely 
full of cement, and a little should be allowed to run out of the farther 
end. More of the cement will be pushed out by the cones, but this 
can be returned to the mixing-box and used again, with the excep- 
tion of that from the last pipe filled from the batch, which is thrown 
away. 

In every case the cones are passed through the pipes twice. A 
handful of cement is pushed into the pipe before the cone enters the 
second time; and while it is being drawn through, the pipe is slowly 
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revolved to keep the cone in the center of the pipe. We endeavor 
to keep the cones as near the center of the pipe as possible; we find, 
however, that the practical results are the same if the lining is quite 
uneven. 

The cones are thoroughly washed after each pipe is lined; before 
they are drawn through, a piece of pipe from twelve to eighteen 
inches long is screwed to each end of the pipe to be lined, so that 
the lining at the end will be perfect. 

After the pipes have been lined from three to five days, or until 
the cement has sufficiently set, a thin gruel of cement is run through 
them. ‘This is done by elevating one end of the pipe and pouring 
the gruel in from an ordinary watering pot. A rubber cone is now 
drawn through, which leaves the inside of the pipe smooth and quite 
impervious to water. The ends are now reamed out to fit the com- 
position ferrules and the threads cleaned. This completes the pro- 
cess, and the pipes are piled away for use. 

The number of feet of pipe of different sizes, lined and grouted 
by one barrel of cement, is as follows : — 


1 inch pipe, 700 feet. 
1} ,, pipe, 500 ,, 
2 4, pipe, 300 ,, 


COST. 


In 1898, the cost of labor, cement, etc., for lining 3 000 feet of 
two-inch pipe and 9 000 feet of one-inch pipe was as follows : -- 


Labor, preparing pipes . . . . . . $65.79 
23 barrels cement @ $1.10. . . . . 25.80 
Coal for heating shop ..... . 6.00 $226.38 


Which gives the cost of lining two-inch pipe 3.03 cents per foot, 
and cost of lining one-inch pipe 1.5 cents per foot. 


NUMBER OF MEN REQUIRED. 


Two men usually get the pipe ready for lining, but during the 
process of lining, six men are found to be the most economical num- 
ber to use, distributed as follows: one man mixing the cement, one 
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man filling the press and overseeing the work, one man working the 
press, one carrying the pipes to the press and from the press to 
the coning-frames, and two men, one at each end of the pipe, doing 
the coning. 

In one day, these men will line from four to five thousand feet of 


pipe. 


JOINTS. 


A few words describing the ferrules we use at all joints; these are 
made of the best steam metal, five-eighths of an inch in diameter on 
the inside, the outside tapering slightly towards the end. They are 
of two kinds, called by us a double and a single ferrule. The double 
ferrules are used where the pipes are screwed together, and the 
single ferrules where the pipes are screwed into the sidewalk stops 
and connections at the main, which are made with a shoulder at the 
end of the thread to hold the ferrules in place. 

When the service pipes are laid in this way, no unprotected iron 
exists anywhere on the whole inside, and we feel that we havea 
pipe which will give as good a water in the house as runs. in the 
street mains outside. 


BENDING. 


Tt has often been stated that the cement-lined pipe cannot be bent 
without injury. We find, however, that the pipes can be bent to 
any reasonable extent, without any damage to the lining, if this is 
done with care. 


DISCUSSION. 


Mr. Caries W. SHerman.* When Mr. Forbes speaks of two- 
inch pipe and one-inch pipe, does he mean the diameter before lining 
or after? 

Mr. Forses. When I speak of two-inch pipe and one-inch pipe, 
cement-lined, I mean what is commonly called two-inch pipe and one- 
inch pipe. In lining an inch pipe the bore is reduced to about 
three-quarters of an inch, and a two-inch cement-lined pipe is about 
an inch and seven-eighths in diameter. It lessens the diameter a 
little less than a quarter of aninch. We use an inch pipe where they 
ordinarily would use a three-quarter wrought-iron or three-quarter 
tin-lined or lead-lined pipe. The price I have given here, you 


* Assistant Engineer, Metropolitan Water Works. 
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understand, is for an inch pipe in comparison with three-quarter 
lead, and three-quarter wrought iron. 

Mr. Frank L. Furrer.* I would like to ask Mr. Forbes when 
he puts this double ferrule in, where he joins two pieces of pipe 
together, whether there is any cement put in, or whether it is just 
slipped in and allowed to fit as it will after it has been reamed out. 

Mr. Forses. For a great many years we have used nothing. 
We did use cement at one time, but we find the ferrule packs in so 
solidly that before the rust from the end of the pipe can get to the 
end of the ferrule it has made a complete dam for itself. It is in 
very tight, anyway, the reamer being but a very little larger than 
the outside of the ferrule; we have to drive it in, and I have never 
found the rust quite to the end of the ferrule. 

Mr. Fortier. Is there any trouble in screwing up the pipe? 
Does that jam the ferrule into the old cement in the pipe and frac- 
ture it at all? Have you had any trouble from that? 

Mr. Forzses. No; we have n’t had any trouble in that way. 

Mr. Fuuier. Mr. Billings, of Taunton, devised a scheme, filling 
his couplings with lead, and putting in a German silver ferrule, 
which was aimed to accomplish this same result. I presume that it 
may have been described in our papers. It does not seem to me, 
however, that it is as cheap or as well fitted for the purpose as the 
one Mr. Forbes has described. As connection was made, the little 
German silver ferrule slipped inside of the cement ; but if the cement 
lining was n’t exactly concentric with the pipe, that is, if the thick- 
ness was not exactly the same on each side, the ferrule was very 
liable to get bent up, and to fail to accomplish the result aimed at. 

Mr. T. H. McKenzie. I would like to inquire of Mr. Forbes 
whether any concern makes this pipe and puts it on the market, or 
whether every man must line his own pipe. 

Mr. Forses. I don’t know of any one who has it for sale, 
although there may be some one who does. You need to use great 
care all the way through the process of lining, particularly, to keep 
everything clean. When we first began to line, years ago, we did n’t 
look over our pipes, and every now and then we would find pieces 
of iron in them, which prevented the cone passing through, and con- 
sequently, the cement mixed up would spoil, and time was lost. 
Now we have everything all right before we begin. Sometimes the 
couplings are jammed, but by taking the coupling off the end of one 


* Civil Engineer, Boston, Mass. 
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pipe and turning it around and putting it on the end of another one, 
we are sure that the thread on the pipe is all right, and the thread in 
the coupling also. We at first cemented our pipes without sifting 
the cement. And you will be surprised, with our best cement, even, 
how many little unground pieces of rock you will find, and there is 
also more or less paper and more or less wood which comes from the 
barrel; and we find that by sifting the cement it works very much 
better. If we don’t do that, little pieces of stone or wood are liable 
to get on one side of the pipe, and may make the lining very un- 
even, or perhaps take it all off on one side of the pipe. 

Mr. McKenzie. How would the price of a one-inch cement-lined 
pipe compare with the price of a three-quarter inch unlined pipe? 

Mr. Forses. These prices, of course, are only for the sake of 
comparison, because they vary from year to year and almost from 
day today. A galvanized pipe to-day will cost about eight cents a 
foot with the best discount I can get, which is fifty, ten and five per 
cent. from the list. An inch pipe, with the same discount, cement- 
lined, will cost to-day 8.2 cents a foot; that is the price of the pipe 
and the cost of lining, including the cement. In other words, it 
would cost two-tenths of a cent per foot more than galvanized pipe, 
one costing 8 and the other 8.2 cents. 

Mr. McKenziz. A one-inch galvanized pipe before it is lined 
costs 8.2 cents? 

Mr. Forses. No, we don’t line galvanized iron pipe; we line 
plain pipe. A three-quarter inch galvanized pipe to-day would cost 
about 8 cents a foot, and a one-inch plain pipe lined would be 8.2 
cents to-day. The cost is in effect less than it appears, for this rea- 
son: we do most of this work through the winter. with the same 
men we employ to look after the hydrants, and other things con- 
nected with the maintenance of the work. When we have a cold 
spell they are on the hydrants, and when we have a mild spell we 
put them to work preparing this pipe. 

Mr. SHerman. I would like to ask Mr. Forbes whether he has 
ever noticed any difference in the frictional resistance ; if it is appre- 
ciable between the flow through a cement-lined pipe and an ordinary 
wrought-iron or lead pipe. 

Mr. Forzes. I have n’t made any experiments in that line, but if 
you examine the inside of these pipes you will find they are always 
smooth. Take any kind of enameled pipe that I have ever seen, 
or galvanized pipe or tarred pipe, and after a few years you will find 
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a great many little bunches of rust along on the inside, which must 
interfere with the flow. A cement-lined pipe being always smooth, 
of course offers no more resistance, practically, than a lead pipe. 

Mr. SHerman. Another question relates to a trouble which may 
not occur in Brookline on account of the character of the water ; 
but as far as I have been able to notice whenever a cast-iron pipe is 
cut in Boston we find a slimy growth of polyzoa on the interior of 
the pipe ; and I would like to know whether that has been noticed in 
the cement pipe. 

Mr. Forses. I have never noticed it, and in fact I have never 
noticed a growth of that kind in Brookline any way; because our 
water, coming as it does from wells and stored in a covered reser- 
voir, does n’t contain anything for them to live on. 

Mr. Futter. I would like to ask Mr. Forbes if he makes any 
protection at elbows and T’s in this way. 

Mr. Forses. We rarely use any elbows or T’s. If we have to 
use a turn smaller than we think best to bend the pipe around we 
use a short piece of lead pipe, perhaps a foot long, with a coupling 
on the end like that I passed around, and in making the connection 
we use ferrules. 

Mr. Futter. Is this cement pipe used much in houses? 

Mr. Forses. No; it isn’t used very much inside. In fact, we 
don’t sell this pipe to private parties, except where we lay it in the 
ground. Itisn’t on the market. It is rather clumsy to lay inside 
when you cut joints. 

Mr. Futter. What is used inside mostly, — lead? 

Mr. Forses. We use a great deal of iron pipe in Brookline, and 
some lead for hot water. 

Mr. Georce F. Cuace.* I should like to ask Mr. Forbes how 
many complaints he has during the year of poor service, — that 
people can’t get a full supply of water. 

Mr. Forses. We never have any on cement-lined pipe. 

Mr. Cuace. Cement-lined pipe has been used in Taunton since 
1876, and during the past year we had 119 such complaints, — cases 
where we had to take the pipe out. Now, I agree with Mr. Forbes 
that it is perfectly feasible to line the pipe, and there is no special 
difficulty about bending the pipe. We can make a cement-lined pipe 
a good deal better than the specimen shown here, and Mr. Forbes 
says he can now. The trouble we have is largely in the fittings. 


* Superintendent, Taunton Water Works. 
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Some gentleman, a little while ago, alluded to certain fittings de- 
signed by Mr. Billings. I can say they are a complete failure, 
because I have taken out one of those couplings and examined it, 
where the thimble or ferrule had been put inside, and the nickel plat- 
ing of the brass ferrule had come off, and the coupling was half full 
of rust, where the water had got at the iron, somehow. That was a 
complete failure, and we have stopped using it, and gone back toa 
plain coupling. This which has been exhibited here this afternoon 
may be better than that; but I measured one of these ferrules just 
now and found it was only a half an inch capacity at the end, and 
that is reducing the opportunity for a full flow of water, it seems 
to me. 

Mr. Forses. That is about the same diameter as the inside of 
the corporation cock is supposed to be. And one reason why I 
adopted that composition ferrule was, that we never have a corpora- 
tion cock or a sidewalk stop filled with rust, except where an iron 
pipe is screwed into it; and I thought if our corporation cocks and 
our sidewalk stops were rust proof, the same metal would work 
equally as well when placed in a coupling, and I have found that it 
does. I know that various kinds of ferrules of tin and lead have 
not proved successful; and I think one reason for that may be that 
they are rather weak, and when you screw them together they 
become bent in revolving the pipe. That is, the cement lining may 
not be quite in the center of the pipe, and when you turn the pipe 
around, a lead ferrule may be bent out of shape, and the rust may 
get in back.of it and eat its way in. But our couplings, which are 
of just the same kind of metal as the sidewalk stops and corpora- 
tion cocks, have given us very good service. 

Mr. H. G. Hotpen.* I would like to inquire what kind of pipe 
is in general use in Brookline for inside work. 

Mr. Forses. They usually run an iron pipe to the sink, very 
often enameled pipe, and in some few cases galvanized pipe, and 
in some cases tarred pipe. 

.Mr. Hotpen. Do you have any trouble? 

Mr. Forses. We do. We have to take them out quite often, 
but they are where we can get at them quickly and it can be done 
easily. I suppose in a house piped twenty-five years ago all the 
iron pipe has now been removed. They usually run lead from the 
kitchen up to the bath room. 


* Superintendent, Nashua Watcr Works. 
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Mr. Georce A. Stacy.* I would like to ask Mr. Forbes if he 
protects the outside of his pipe with anything. 

Mr. Forses. No; I used to give them a bath of tar years ago, 
but I have given that up now. We all know, or at least we find it 
so in Brookline, that a wrought-iron gas pipe will very rarely rust 
through from the outside. You will find them in the ground without 
leaking after years and years and years. This sample which I have 
passed around, you will notice is covered with a coating of dirt and 
iron oxide, which forms around the pipe and seems to protect it. 
And I have reasoned that if a gas pipe would stand for years with- 
out rusting through from the outside, a water pipe would stand as 
long, and so far we have had no trouble at all. ? 

Mr. Cuace. That reminds me that my foreman showed me yes- 
terday a piece of pipe, just about as long as the piece exhibited 
here, and the coating of cement on the inside was perfect, but the 
outside of the pipe was half gone. 

Mr. Georce E. Winstow.t Are you troubled with electrolysis 
there? 

Mr. Cuace. I don’t think so. 

Mr. Stacy. We have used cement-lined pipe for a number of 
years, and have a number of miles of it in now, and my greatest 
trouble from it has been from the iron rusting out. There has 
been no trouble with the cement, and I don’t know why there 
should be, for that is as durable as rock itself. We thought first 
of grouting it, but after a while we thought that didn’t do any 
great good. In handling the pipe it is bent more or less, unless you 
are very careful; and then, in laying it in the trench, in a place like 
our city, we have to go around a number of obstructions; there are 
a good many bowlders and rocks, and one thing and another, and we 
have to have a good many bends. I can’t conceive how you can 
bend a cement-lined pipe without fracturing the lining. The cement 
won’t*come off, because it is arched and locked in there, and it is 
almost impossible to take it out without destroying the pipe; but at 
the same time you will fracture the cement, unless you have a cement 
which is elastic, which is a thing I never saw. My experience has 
been that you have got to handle a two-inch pipe a little more care- 
fully than you have an inch pipe on account of the larger are of the 
pipe. I can conceive that if you should put an eighth of an inch of 


* Superintendent, Marlborough Water Works. 
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cement into an eight-inch pipe, the arch. would n’t be enough to lock 
it so it would n’t drop out; but it is almost impossible to knock the 
cement out of a three-quarter inch pipe without destroying the pipe. 
We have used lead pipe inside the houses for our best plumbing 
for years, and, as far as I know, we have never had any bad effects 
' from it. If you can get a cement-lined pipe which will stay where 
you put it and stay there forever, as Mr. Forbes seems to think, and 
you can use no other kind of pipe with perfect safety, it seems to 
me you have no choice in the matter. I don’t know of any coating 
that you can put on the outside of a wrought-iron pipe that will 
thoroughly protect it. Of course there is great difference in soils, 
and I should judge the soil in Brookline was very favorable for the 
laying of wrought-iron pipe. There are lots of places in my city, 
however, where iron pipes that have n’t been laid over fourteen years 
have rusted out completely. And while a pipe might hold gas, it 
does n’t follow that it would hold water, because the water is of 
course under a good deal more pressure. I have had to abandon 
i cement-lined pipe for the reason that we have not yet been able to 
| find anything to protect the outside of it. A cement-lined pipe is 
: certainly the cleanest thing we can use. I suppose the ideal pipe 
would be glass, if it could only be made so we could handle it. But, 
as I say, my trouble has been with the iron giving out, and not with 
the cement. The cement we find just as good as it was at the time 
| the pipe was put down, but the iron won’t stand in our soil in a good 
) many places. We have taken some out which have been in guod 
i condition, while others, which have been perhaps in the same street, 
have been completely gone. 
Mr. Forses. I might say that there is a good deal of pipe on the 
market that is light weight. Of course they don’t say anything 
| about the weight, and unless you specify that the pipe must be of 
standard weight you will be very apt to get it light. We buy at the 
i mills and have it shipped to us by the carload. If you buy it out of 
| stock, it is likely to be made of poor iron, and it won’t stand the 
effect of rust as it ought to. 

A Memper. I would like to have Mr. Forbes inform us, if he 
will, how he makes his connections with the street mains, — whether 
he puts the pipe directly into the corporatiom cock, or whether he 
uses a lead connection between the cement-lined pipe and the main. 

Mr. Forses. We use a piece of lead pipe, twelve or thirteen 

inches long, with a coupling soldered on. 
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Mr. Winstow. Mr. Forbes says that iron pipes are light weight, 
and I have found that not only true of iron, but of steel. I think 
perhaps the difference in the metal has considerable to do with the 
way both iron and steel pipe will stand in different soils. I have 
generally found iron pipe of standard weight, and have never had 
any trouble in getting it when I have asked for it; but steel pipe is 
usually very thin, and I think perhaps it is of such a nature that it 
shows the action of the soil quicker than iron does. 

Mr. E. A. W. Hammerr.* One question has been asked here 
which I have not heard any answer given to yet, and I am not sure 
that I can say anything on the subject which will be of special 
interest. The question was asked by one of the gentlemen whether 
cement-lined pipe was used in houses. I would say that I know of 
at least one case where it has been used, and that is in my own 
house. When, some years ago, I was living in Newton, we put in 
at first tarred pipe, and within four years’ time it became so plugged 
up with rust that we could n’t get any water through it. We then 
took out all the pipe from the street to the house, about one hundred ~ 
and sixty feet, and a portion of the piping in the house, and replaced 
it with an inch pipe, lined with cement. That was about sixteen 
years ago, and at that time I knew nothing whatever about a ferrule 
in making connections, so we used simply the ordinary fittings with 
no lining. But I have had no trouble whatever, since we put in the 
new pipe, in getting a full supply of water, and have seen no signs 
of rust in the faucets. We use a cement-lined pipe up to the kitchen 
sink. 

Mr. Epvwin C. Brooks.f 1 would say that the principal trouble 
we have is the stopping up of the corporation cocks in the mains. 
What we call rust is really a form of tuberculation which takes 
place over the opening into the corporation cock, and we have more 
trouble with that than we have with the supply pipes. But, after all, 
it seems to me that the whole question resolves itself into the ques- 
tion of the character of the water. With Fresh Pond water, as it 
was formerly supplied to Cambridge, the supply pipes would last 
and remain clean for years, as the water was hard, and very slight 
tuberculation took place. But since the introduction of Stony Brook 
water, which is very much softer, we get a very much more rapid 
growth of tubercies, and we find sometimes on removing the cor- 


* Civil Engineer, Boston, Mass. 
t Superintendent, Cambridge Water Works. 
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poration cocks from the mains that they are filled over solid, almost, 
so that there will be only perhaps a hole as large as an ordinary 
straw leading to the cock. And I have known numerous cases 
where a family has been supplied with water, without any complaint 
whatever, where the hole through this formation of tubercles has 
not been more than a quarter of an inch in diameter. 

Mr. Cuace. Mr. Forbes says he has never been troubled with 
pieces of cement getting into the meters. It is not an uncommon 
thing for us to find pieces of cement in the meters. I suppose he, 
as well as all the rest of us, is obliged to cut his service pipes once 
in a while, and I should think it would be almost impossible that 
there should not be some crumbling of the cement when you cut the 
pipe, and probably the particles that we have found have come from 
such places as those. That is one obvious objection there may be 
to the use of cement lining, if we could find anything better. 

Mr. R. J. Toomas.* I will state that recently I had occasion to 
go around and visit a number of superintendents, trying to get some 
ideas about service pipe, and I found that there was quite a differ- 
ence of opinion among them. In fact, my inquiries left me in doubt 
as to whether there had yet been devised any kind of a pipe which 
was fit to conduct water. I waited on Mr. Forbes, who, I think, has 
given the matter very careful attention, and was very much impressed 
with the way in which he lined his pipe, and I have no doubt that he 
has been entirely successful with it. On the other hand, other super- 
intendents found a good deal of fault with cement-lined pipe. I also 
found quite a strong objection to the use of lead pipe, especially five- 
eighths and half-inch sizes. I was told that it not infrequently filled 
up with vegetable growths, or sediment of some kind. And I also 
found that some superintendents had had a good deal of difficulty 
with the goosenecks or lead connections of the iron pipe filling up 
with sediment. It seemed to be the general result of experience that 
a five-eighths or half-inch lead pipe, and in some cases a three-quar- 
ter inch, had not worked well in use. I think the Association ought 
to appreciate the very courteous manner in which Mr. Forbes has 
answered all our questions, and that he deserves our thanks. 

Mr. Cuace. Have any of the members present had any ex- 
perience in using tin-lined pipe? 

Mr. Winstow. I know of a tin-lined pipe which was put in in 
1873, and it is still in use. 


* Superintendent, Lowell Water Works. 
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Mr. Joun C. Hasketyt.* Mr. Chace himself has had some ex- 
perience with tin-lined pipe, and perhaps he will tell us about it. 

Mr. Cuace. We have been using it five or six years, and I don’t 
gee any reason to change. I am perfectly well satisfied with it, 
except that it costs too much. 

Presipent Byron I. Coox.t I presume, gentlemen, this question 
resolves itself right down into each one of us using the pipe which 
fits his own case best, and it is a matter of experiment to tell which 
- is best for any particular locality. I think myself that, with a sur- 
face water supply, lead pipe under ordinary conditions will prove as 
satisfactory asany. In regard to trouble with stoppage at the main, 
I have experienced some of that myself, and the way I get over it 
is by having the corporation go through the cast-iron pipe at least 
a half to three-quarters of an inch. J have never had any trouble 
from a corporation sealing over with tubercles when it went through 
the main that far, but when it has been flush on the inside I have. 
I have found one completely stopped and another within ten or 

fifteen feet of it would be completely open. I think the experiments 
which have been conducted by the Massachusetts State Board of 
Health in regard to lead poisoning have demonstrated that for ground 
water supplies some other kind of pipe than lead should be used for 
the services. If Mr. Forbes has solved this problem, which Mr. 
Chace rather doubts, apparently, then Mr. Forbes is of course sat- 
isfied, and Mr. Chace is still open to conviction as to what is the 
best for him to use. 

Mr. Futter. I don’t know whether Mr. Forbes has told us how 
long he has used these ferrules. He has spoken about using the 
pipe for twenty-five years or more, and I would like to ask him how 
long he has used this particular form of ferrule in his connections. 

Mr. Forses. The very first pipes we laid didn’t have any fer- 
rules, but I believe we have used these now, probably, in the neigh- 
borhood of eighteen years. I don’t know of any other place where 
there is a ferrule like this used, and we had our own patterns made. 
I might say that I think this year the single ferrule costs about three 
cents apiece and the double ones about four and a half cents apiece. 
Of course they are a great deal higher now than they were last year, 
on account of the higher price of copper composition. 


* Superintendent, Lynn Water Works. 
¢ Superintendent, Woonsocket Water Works. 
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A VERY BRIEF DISCUSSION OF LEAD POISONING, 
CAUSED BY WATER WHICH HAS BEEN DRAWN 
THROUGH LEAD SERVICE PIPE. 


BY FAYETTE F. FORBES, C. E., SUPERINTENDENT, BROOKLINE, MASS., 
WATER WORKS. 
[Read February 14, 1900.] 


Of course it is understood that the writer is not a chemist, and in 
this brief discussion, the information which he has comes from a 
study of the work done by those who are competent and have the 
facilities to make investigations in this direction, and I say these few 
words in this connection simply to give expression to some of the 
thoughts which these studies have suggested to me, in hopes that 
these suggestions may bring the subject more vividly to the atten- 
tion of the members of this Association, and thereby cause more 
consideration to be given to it. In the first place, I would ask all 
interested in this matter to carefully read the Report of the Massa- 
chusetts State Board of Health for the year 1898. Ido not know 
any other volume which will give so.much up-to-date, practical 
knowledge on this subject. Allow me to quote from page 32 of 
this report, that the importance of the subject may be better under- 
stood: ‘It has been found that many waters, when brought into 
contact with lead service pipes, as in lead distribution pipes, dissolve 
lead from the pipes, and the water thus becomes dangerous to those 
who drink it. While the quantity of lead dissolved may be small, 
and a single dose might not harm the user of the water, the con- 
tinued use of water containing lead is harmful, because lead is a 
cumulative poison. The exact amount of lead which may be taken 
into the system without producing harm is not definitely known, and 
may vary in different people; but it is known that the continued use 
of water containing quantities of lead as small as .05 of a part per 
100 000 or about ', of a grain per gallon, has caused serious injury 
to the health.” 

By an examination of the several tables which are given in this 
report, it will be seen that the water in many cities and towns which 
is drawn through lead service pipes contains a much larger amount 
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of lead than .05 parts in 100 000, and it is a fact well established in 
this report that lead poisoning of quite a serious nature has occurred 
in this state from the use of water drawn through lead service pipes. 

The investigation of the State Board of Health has also shown 
that a change in the source of supply — that is, furnishing a different 
water through the same lead pipes—may make the use of water 
dangerous to health where no danger existed before, on account of a 
much larger amount of lead now dissolved. 

It is found that there are many things which contribute to increase 
or decrease the amount of lead which a water may take up. 

I should like again to quote from this report; we read on page 
563 as follows: ‘** A review of results of all experiments indicates 
strongly that the two active agents in the waters, causing them to take 
lead into solution, were oxygen and carbonic acid. The purer the 
water (for instance, distilled water), the more active these agents were 
upon lead when in this water. The presence of nitrates and ammonia 
in distilled water, together with free access of air, caused a very vio- 
lent action upon the lead to take place ; but they had much less influence 
when present in natural waters containing some organic matter.” 

On page 566 it reads as follows: ‘* A study of this table shows 
that the clear and practically colorless supplies, which most actively 
attack lead, are those containing the most carbonic acid and a small 
or a medium amount of mineral matter, as shown by the determina- 
tion of hardness.” On page 568, we find the following: ‘* Again, 
it was shown by our experiments that highly colored water would 
attack lead, if sufficient time and air were allowed for the change of 
the carbonaceous coloring matter to carbonic acid in the presence of 
oxygen. This change probably occurs when some highly colored 
surface waters remain in the service pipes for some hours.” The 
report goes on to say, farther down on the same page: ‘* In —— 
we have a marked example of a water which, while not acting so 
violently upon lead that much is taken from the pipes when the 
water is drawn frequently, still is of such a character that, when 
allowed to remain for a considerable period of time in the pipes, it 
takes considerable lead both in solution and suspension from them ; 
that is, a coating of organic and mineral matter forms upon the 
pipes, carbonic acid is generated, which, together with the oxygen 
present, attacks the lead, and this deposit is, when the water is 
drawn quickly after hours of rest, apparently easily detached from 
the pipe and drawn out, thus increasing the amount of lead in water 
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drawn after periods of rest above that actually taken into solution 
by the water during this period of rest.” 

’ These quotations show the many causes which make it possible for 

water to dissolve lead, and should teach us to look with extreme 


caution to the use of lead for service pipes. It is also quite a 
serious matter, from a financial standpoint, to invest thousands of 
dollars in lead pipe, and then find that we have an element of serious 
danger in our midst which, sooner or later, must be remedied. The 
health of a community must first be considered; this goes without 
saying. 
Now, in the light of so much conclusive evidence which is within 
our reach, what position should we take in this matter in construct- 
ing and maintaining a system of water works? Is it not wiser and 


better to eliminate all possible elements of danger from a thing so 
vital as the water which we must daily take into our bodies? We 
must bear this fact in mind: that ordinary citizens know little about 
these things, and trust to those who have charge of the water sup- 
plies to furnish them with a good and safe water, and we should not 
be unmindful of the confidence placed in us. I hope this brief dis- 
cussion will draw more attention to this very important subject, and 
that we all shall realize the responsibilities which we have assumed. 


DIscussIon. 


Mr. H. W. Crark.* Mr. President, on this subject of ‘lead 
poisoning, I should like to say just a few words. It is not a new 
subject at all. The fact that lead would poison the human system 
has been known fora great many years. Galen, who was a very 
famous physician in the second century of the Christian era, de- 
scribed lead poisoning very thoroughly, and stated that water would 
affect lead pipes or lead conduits, and that water taken into the city 
through them was harmful. Then again, Vitruvius, who was an 
architect in the time of Czesar Augustus, forbade the use of lead 
pipes in connection with water supplies. 

Coming down to rather more modern times, however, we find that 
there have been a good many epidemics of lead poisoning, not only 
the few referred to in the Report of the State Board of Health of 
Massachusetts of 1898, but a good many abroad. For instance, 
there is a well-known case of the city of Dessau, in Saxony, where 


* Chemist, Massachusetts State Board of Health. 
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they had an epidemic of lead poisoning in 1885 or 1886. They got 
over it, that is, prevented the continuance of the action of the water 
upon the pipes by hardening the water, adding a certain percentage 
of carbonate of lime, increasing the hardness about sixty per cent. 
Then in Sheffield, England, they had a large epidemic of lead poison- 
ing some years ago, and there they afterwards passed the water 
through filters of limestone and silicates, hardening the water from 
sixty to one hundred per cent., and thus preventing, more or less, the 
water from attacking the lead. 

Then, in certain places in England they have, for this purpose, 
passed the water through towers of coke, and afterwards through 
filters of limestone, with the same effect of hardening the water. 

In one or two places they have tried softening the water; that is, 
recognizing, probably, that it was the carbonic acid that attacked the 
pipes, they have added milk of lime to absorb the carbonic acid, 
which has caused a precipitation of some of the sulphates and car- 
bonates in the water; and in this manner, after filtration, the water 
has been passed into the pipes with some beneficial effect. 

Then in one or two places they have tried coating the pipes with 
sulphide of lead. But in all these various places where they have 
adopted different methods of changing the character of the water 
supply to prevent its attacking the lead, I think they have not been 
particularly successful, except where they have hardened the water, 
as in Dessau, Sheffield, and Keighley, and there may be one or two 
other places. 

But this is not a new subject, by any means, as I have said, and 
people will go on using lead pipes right along, because there are 
many supplies, even in Massachusetts, the water from which does not 
attack lead seriously. But there are a good many more in connec- 
tion with which we are pretty sure lead should not be used. 

A Memser. I would like to ask Mr. Clark if galvanized iron 
pipe can be used with safety where lead pipes are found dangerous. 

Mr. Crark. In such cases the zinc galvanizing of these iron 
pipes is attacked, of course, or at least as far as our experience has 
gone, similarly with the lead, until a great deal of it is taken off. 
There seems to be left for a long period a very thin coating of zinc, 
and, so far as we know, zinc is not a particularly poisonous element 
when taken into the system. It may have some effect, but not a 
great deal. 


Mr. Tuomas. I would like to ask Mr. Clark if he knows or has 
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heard of any carbonate or sulphate which can be applied to water 
which will protect it from the action of lead and yet not harden the 
water. 

Mr. Crark. I don’t really know of any that would. I think, 
perhaps, sodium carbonate would; it is used for softening waters, 
but I do not see why sodium carbonate should satisfactorily prevent 
action upon lead. I have made a great many laboratory experi- 
ments with various chemicals, and have been successful in prevent- 
ing action only when the water is hardened. 
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PROCEEDINGS. 
ANNUAL MEETING. 


AssociaTION Rooms, Tremont Tempe, 
Boston, June 13, 1900. 


President Cook in the chair. 
The following members and guests were present : — 


ACTIVE MEMBERS. 


Francis E. Appleton, Wm. E. Badger, E. W. Bailey, Lewis M. Bancroft, 
Joseph E. Beals, James W. Blackmer, 2d; Dexter Brackett, Fred Brooks, 
George A. IP. Buckman, James Burnie, George Cassell, G. L. Chapin, Byron 
I. Cook, J. W. Crawford, George E. Crowell, D. W. Cole, Francis W. Dean, 
William T. Dotten, Eben R. Dyer, F. F. Forbes, Wm. E. Foss, H. F. 
Gibbs, J. F. Gleason, Albert S. Glover, Amos A. Gould, Frederick W. Gow, 
James W. Graham, Frank E. Hall, Allen Hazen, Horace G. Holden, John 
L. Howard, Willard Kent, Frank E. Merrill, Leonard Metcalf, Thomas 
Naylor, J. B. Putnam, Charles E. Riley, W. W. Robertson, Thomas H. 
Rogers, W. J. Sando, Walter H. Sears, Charles W. Sherman, Sidney Smith, 
George A. Stacy, Frederic P. Stearns, Wm. F. Sullivan, Joseph G. Tenney, 
Robert J. Thomas, D. N. Tower, George W. Travis, William W. Wade, 
Charles K. Walker, George E. Wilde, Frederic I. Winslow, E. 'T. Wiswall. 


ASSOCIATE MEMBERS. 


Ashton Valve Co., by C. W. Houghton ; Coffin Valve Co., by F. E. Adams 
and H. L. Weston; Mellen S. Harlow; Lead Lined Iron Pipe Co., by T. E. 
Dwyer; Ludlow Valve Mfg. Co., by H. F. Gould; National Meter Co., by 
J. G. Lufkin; Perrin, Seamans & Co., by Harold L. Bond; Rensselaer Mfg. 
Co., by Fred S. Bates; Builders’ Iron Foundry, by F. N. Connet; Sumner & 
Goodwin Co., by Frank E. Hall; Thomson Meter Co., by S. D. Higley; 
Union Water Meter Co., by A.S. Otis; Walworth Mfg. Co., by B. F. Polsey ; 
R. D. Wood & Co., by E. F. Krewson; Hersey Mfg. Co., by Albert S. 
Glover. 

GUESTS. 


F. C. Cook, Somerville; Hon. 8S. P. Tenney, Chairman Water Commis- 
sioners, Chelsea, Mass.; Edward M. Shedd, Inspector, Somerville, Mass. ; 
Wm. P. Jones and E. B. Pense, Editor and City Editor Somerville Journal, 
Somerville, Mass.; George E. Borden, Fal! River, Mass.; M. J. Dowd, 
Commissioner, Lowell, Mass.; W. C. Morgan and F. E. Hunter, Beverly, 
Mass.; S. M. Spencer, Boston, Mass.; C. B. Crowell, Brattleboro, Mass. ; 
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E. F. Knowlton, Commissioner Public Works, Quincy, Mass.; Charles H. 
Sargent, Newburyport, Mass.; George T. Staples, Dedham, Mass. 


The following new members were elected : — 


Resident Active. —E. R. Payson, Secretary Portland Water Works Co., 
Portland, Me.; Henry Souther, Member Board of Water Commissioners, 
Hartford, Conn.; Norman A. McMillan, Superintendent Billerica Water 
Works, North Billerica, Mass. 

Non-Resident Active.— Myron E. Evans, Civil Engineer, New York City. 

Associate. — Sweet & Doyle, Selling Agents The Vincent Valve, Cohoes, 
On motion it was voted that a committee to nominate candidates 
for the offices to be filled at the annual election be appointed by the 
chair. The president stated that he would announce his appoint- 
ments at a later time. Subsequently the membership of the com- 
mittee was announced as follows: J. C. Whitney, P. Kieran, 
Charles K. Walker, D. N. Tower, and F. F. Forbes. 

On motion of Mr. Charles W. Sherman, it was voted that the 
annual meeting adjourn to the third Wednesday in September, at 
Rutland, Vt. 
Adjourned. 


The annual ‘field day”’ was then observed by an excursion to the 
works of the Metropolitan Water Works at Spot Pond and Fells 
Reservoir, and to the reservoirs of the Winchester Water Works. 


OBITUARY NOTE. 


JOHN C. HASKELL, past president and member of the executive commit- 
tee of this Association, committed suicide by shooting himself through the 
heart with a double-barreled shotgun on June 12, 1900. 

Mr. Haskell was born in Rochester, Mass., about fifty-five years ago. He 
had been city engineer of Lynn, and about twelve years ago was elected 
superintendent of the Lynn Water Works, which position he held until his 
resignation on May 12. He was elected a member of this Association on 
Dec. 11, 1889, and has been very prominent in its affairs, having served on 
many committees, and as president in 1896-1897. He was the author of 
several papers in the Journal, and frequently took part in the discussions. 

He was a member of the Boston Society of Civil Engineers. He was also 
a Mason and an Odd Fellow. He was unmarried. 
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WATER WORKS STATISTICS 


FOR THE YEARS 


1897, 1898 and 1899, 


IN FORM ADOPTED BY THE 


New England Water Works 


Association. 


COMPILED BY 
JOSEPH E. BEALS, 
Senior Editor. 
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FILTERS. 
New York Filter M’f’g Co 
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ADVERTISEMENTS. 


Water 


IS STEADILY GAINING. 


A thorough test will fully prove all we 
claim for the “AA” EMPIRE METER 


| 
| 
| 
| 
| 


i 


| 


CROWN—EMPIRE—NASH—GEM 


METER 


84 AND 86 CHAMBERS STREET, NEW YORK. 


318 DEARBORN STREET, 159 FRANKLIN 8TREET, SARACON CHAMBERS, 
CHICAGO. BOSTON. LONDON, 


S. D. M. J. August 20, 1900. 
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ADVERTISEMENTS. 


HERSEY DISC METER 
-HERSEY, ROTARY METER 
HERSEY TORRENT METER 


The above are trade names given to the WATER METERS 


of our manufacture. 
A full description of each type can be found in our illustrated 


| catalog, which we would be glad to supply you if you are in- 


terested. | 
Over 14 years’ experience in the manufacture of WATER | | 


METERS. 


Over 1000 cities and towns using our meters. 


HERSEY MANUFACTURING CO. 
MAIN OFFICE AND WORKS, SOUTH BOSTON, MASS. 


NEW ENGLAND OFFICE, TREMONT TEMPLE, BOSTON. | 
NEW YORK, 278 Pearl Street. CHICAGO, 224 Lake Street. | 
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ADVERTISEMENTS. 


METER No. 50,000 
METER No. 100,000 
METER No. 150,000 
METER No. 163,380 


&. D. M. J. 


LAMBERT METER 


STAMPED AND SHIPPED TO COUNCIL BLUFFS, IOWA, 
MARCH 3i, 1894. 


STAMPED AND SHIPPED TO PROVIDENCE, RHODE ISLAND, 
AUGUST 24, 1897. 


STAMPED AND SHIPPED TO WOONSOCKET, R. I., 
DECEMBER 28, 1899. 


SOLD JULY I, 1900. 


soV 
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UNION WATER — 
METER CO., 
WORCESTER, MASS. 


Incorporated 1868. 


Showing 58-inch 
Union Rotary Piston Meter. 


Manufacturers of the METER 
most extensively used on 
Extra Heavy Rotary Piston Meter. HYDRAULIC ELEVATORS, 
LOCOMOTIVE STAND PIPES, 
etc., etc. 


Sizes 4 inches to 16 inches. 
‘onZojezey 10} puss 


Water Pressure Regulator. 


The only positive Automatic Water Pressure Regulator in the 
market. We have never had a failure. 


ADVERTISEMENTS. 
| Sectional Cut 

ela. | 

ag S. D. M. J. 


vi ADVERTISEMENTS. 


* TRIDENT DISK 
WATER METER 


WITH RESILIENT, RETROACTIVE, FROST BOTTOM. » 


“MAY BE FROZEN SOLID 


any number of times, without any damage to the meter and without any 
expense or annoyance to the owner. 


SUPERIOR TO ALL 


in convenience, in solidity of parts, in design, in maintained accuracy, and in 
immunity from stoppages. 


MAY BE RUN HARD AND LONG 
without smashing. 


FULLY ATTESTED 


by most competent authorities, as being ‘“‘beyond competition in low cost of 
maintenance.” 


ILLUSTRATED CATALOGUE, 
giving all details, free to any applicant. 


NEPTUNE METER COMPANY, san 
253 BROADWAY, 
POSTAL TELEGRAPH BUILDING - - - NEW YORK CITY. 


DESIGNED BY JOHN THOMSON. 


S. D. M. J. 
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ADVERTISEMENTS. 


Pittsburg 


Water [eters will adjust bills 


and settle disputed contracts 


without further trouble. 


Try them. 


Pittsburg [eter Co., East Pittsburg, Pa. 


D. M. J. S. 


THE PECK BROS. & CO. 


FOR WATER, GAS, AND STEAM. 

WE MAKE A SPECIALTY OF TESTED AND FIRST-CLASS GOODS IN 

BRASS FOR WATER COMPANIES. 


Factory and General Office, NEW HAVEN, CONN. 
27 West 42d Street and 30 West 43d Street, NEW YORK. 
155 and 157 High Street, BOSTON, MASS. 


= 
D. M. J. S. 


ADVERTISEMENTS. 


ALWORTH 
MFG 60. 


BOSTON, 


NEW YORK OFFICE, 
141 CENTER STREET, 


Manufacture and control 


THE HALL TAPPING MACHINE 


Without an equal. 
Three machines in one. 
Endorsed by all Who habe used tt. 


Also, 


PATENT PIPE CUTTER 


For Cutting Cast Iron Pipe 
in the Trench. 


Wrought and Cast Iron Pipe and Fittings. 
Brass Work of all Kinds. 
Water, Steam, and Gas Fitters’ Tools 
and Supplies. 

Extension Shut-off Boxes. 
Straight-way and Hydrant Valves a 
Specialty. 

Miller’s Ratchet Pipe-Cutting and Threading 
Tools, 


Vill | 
| 
| 
3. D. M. J. 


ADVERTISEMENTS. 


CHADWICK LEAD 
WORKS, 


NOS. 176, 178, 180, 182, AND 184 
HIGH STREET ‘FORT_HILL SQUARE), 
BOSTON, MASS. 


MANUFACTURERS OF AND DEALERS IN 


LEAD PIPE, TIN PIPE, SHEET LEAD, 
SHEET TIN, RIBBON AND TAPE LEAD, 
WHITE LEAD, DRY AND IN OIL, RED LEAD, 


LITHARGE, COPPER, AND IRON PUMPS, 
SOLDER, PIG LEAD, PIG TIN, ETG., ETC. 


LEAD ENCASING ELECTRIC CABLES 
AND WIRES A SPECIALTY. 


PROPRIETORS OF 


THE FOREST RIVER LEAD WORKS, 
SALEM. MASS. 


GORRESPONDENCE WITH WATER WORKS SOLICITED. 


D. M. 
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ADVERTISEMENTS. 


BOSTON LEAD MANUFACTURING CO. 


reasurer. 


Corner of Congress and Franklin Streets, 
162 Congress Street. BOSTON. 180 and 182 Franklin Street. 


of and Dealers in 


Manufacturers 


Pure White Lead, Red Lead, and Litharge. 


LEAD PIPE AND SHEET LEAD, 
Patent Tin-lined Pipe, 


Pure Block Tin Pipe, 
PIS LEAD, 


PIG TIN, SOLDER, PUMPS, etc. 


S. D. M. J. 


The Best Service Pipe 
in the World ts 


Zim Lined Iron. 


The Next Best ts 


Lead Lined [ron. : 


Use Ether and you 
be in the Swim. 


| 
Lead Lined [ron Co. 
| Wakefield, Mass. 


ADVERTISEMENTS. 


R. D. WOOD & CO.= 


Constructors | Engineers 
of Water and Iron Founders 


Gas Works and Machinists 


Office .... 400 Chestnut Street, Philadelphia. 


Foundries and Works: 


MILLVILLE, 
FLORENCE, 
CAMDEN, 
NEW JERSEY. 


| 
Manufacturers | 
| 


TURBINE WHEELS, 


Pumping Machinery, 
Hydraulic Cranes, 
Lifts and Machinery, 
Heavy Loam Castings, 
Gate Valves, 
“WMiathews’”’ Hydrants. 


“Improved” Hydrant. 
434, 5, and 6 inches. 
Valve-opening. 


S. D. M. J. S. D. 


xi 
: 
| 
| CAS] 
PIPE 
| q 
| 
= i 


xii ADVERTISEMENTS. 


Most all Valves look alike on the OUTSIDE. 
The INSIDE does the work. 


The 


VINCENT 
Adjustable Gate 
Valve 


Wedge 


Has a Peculiar Wedge 


Known only for its Simplicity 
and Effectiveness. 
Samples Submitted ... 


SWEET & DOYLE, COHOES, N. Y. 


SELLING AGENTS FOR THE UNITED STATES. 


S. D, M, 
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ADVERTISEMENTS. xiii 


THE LUDLOW VALVE MFG. CO. 


+.» MANUFACTURERS OF ... 


VALVES M0 FIRE HYDRANTS 


- This hydrant is anti-freezing, because when the drainage 

is good no water is left in it to freeze. 

* The drip is directly in the bottom of the hydrant and 

drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND FIRE 
SINGLE GATE HYDRANTS 
VALVES, 
ALSO CHECK 
VALVES, YARD, WASH, 
VALVES. HYDRANTS. 
Dass SEND FOR CIRCULARS. 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


S. D. M. J. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 


CAST 
IRON 
PIPE 


AND .. 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


JOHN DONALDSON, President, 
Betz Building, Philadelphia, Pa. EMAUS, 
GEORGE ORMROD, 
Manager and Treasurer, Emaus, Pa. LEHIGH COUNTY, P A. 


D. M. Je 
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ADVERTISEMENTS. 


Warren Foundry s*Machine C0, 


Works at Phillipsburg, New Fersey. ...... 
Sales Office, 160 ‘Broadway, New York. 


Cast Iron, Water E From 3 to 48 inches | 
and Gas P | Pr in diameter. 


ALSO 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 


FIRE HYDRANTS, VALVE BOXES. 
LAMP POSTS ano SEWER CASTINGS. 
BROADWAY, 
GENERAL SALES ADWAY, 


IRON 

| 

a 


ADVERTISEMENTS. 


BUILDERS IRON FOUNDRY, 


PROVIDENCE, R. I. 


GLOBE SPECIAL CASTINGS 


FOR WATERWORKS, MILLS, 
AND RAILROADS. 


ALL COMMON SIZES CARRIED IN STOCK. 


M. J. DRUMMOND, Sales Agent, 
192 BROADWAY - - NEW YORK CITY. 


GRAVITY 


PRESSURE 
FILTERS 


Constructed under the 
JEWELL, WARREN AND HYATT PATENTS. 


“The Acknowledged Standard of Mechanical Filtration.” 
Adopted by 152 cities. 


Patents Sustained by the Highest Courts. Highest Efficiency. Lowest Prices, 


NEW YORK FILTER MF’G CO., 
15 BROAD STREET, NEW YORK. 


: 
a 
J 
| 
| 
H if 
i 
i 
= 
| Be 
| 
| 
| 
| 
S. D. M. J. 
: 
M. J. 


ADVERTISEMENTS. 


Remember that when you 


advertise in the 


Fournal of the 
New England Water Works 
A ssociation....... 


ou secure the attention of all the Water 
Departments in the United States. 


THE GOULD PACKING CO. 


If you want the best, get 


Gould’s Steam and 
Water Packing .... 


The original ring packing 


Buyers will see that our name, Gould’s Steam and Water 
Packing, and our Trade Mark are stamped on every pack- 
age. Unless so stamped they are imitations. 

In ordering be careful to give the EXACT diameter of 
stuffing-box and of piston-rod or valve-stem. 


Re, 


88 Cambridge Street, 


S. D. M. J. 


oe 
me 
i 
East Cambridge, Mass. 


ADVERTISEMENTS. 


Edward P. Allis Company 


Milwaukee, Wis. 


Pumping Engines 


Compound and Triple Expansion 
Horizontal and Vertical 
Special Sewage and Drainage Pumps 


“builders of Lhe Reynolds-Corliss Engine 
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ADVERTISEMENTS. 


PERRIN, SEAMANS CO. 


57 OLIVER STREET, BOSTON, MASS. 


TOOLS AnD SUPPLIES 


FO 


WATER WORKS CONSTRUCTION 


Send for Catalogue No. 6. 


attention of 
EXPERTS 
is called to the advertising pages of the Fournal 
of the New England Water Works Association 
as a means of reaching many possible clients. 
Professional cards of one-twelfth page will be 
inserted for Eight Dollars per year. This is 
intended primarily as a directory of Engineers, 
Chemists, Biologists, and Experts in Sanitary 
Sei 


xix 

S. D. M. J. 

. 


The VENTURI METER is a practical meter 
for measuring large quantities of water. 


ITS ACCURACY is unquestioned, and it is fre- 
quently employed to test the performance of pumps. 


NO BY-PASS is necessary, and the cost of tees, 
elbows, and gate valves is avoided. 


BUILDERS IRON FOUNDRY, 


Members of the Association 4x2 
Subscribers to the Journal 


C ‘un help pay the cost of publication by consulting 
the advertisements when in need of supplies. 


ESTABLISHED 1853. 


14,000,000 BARRELS 


Have been used on important works throughout the United States. 
No OTHER CEMENT COMPANY CAN SHOW SUCH A RECORD. 
LAWRENCE CEMENT Co. 
ERNEST R, ACKERMAN (Assoc, Am, Soc, C. E.), President. 
Sales Office, No. 1 Broadway, New York. 


ADVERTISEMENTS. 
| 4 
TL 3 | 
S. D. M. J. 


ADVERTISERS. 


HE attention of parties dealing in goods used by 

. Water Departments is called to the Journan or 

New Encianp Warer Works Association as an 

advertising medium. 

Its subsoribers include the principal Warsr Works 

Encrverrs and ConTRACTORS in the United States. 

* Being filled with original matter of the greatest 

"Guterest to Water Works officials, it is PRESERVED 

and constantly REFERRED TO BY THEM, and ad- 

vertisers are thus more certain to paeecH BUYERS 
than by any other means. 

/ One number each year is placed with every Water 
Department i in the United States and emai thus en- 
larzing the advertising field. 

|) The Journar is not published as a means of revenue, 
advertisements being inserted solely to help meet the 

expense of publication. 


RATES. 


Oné page, one year, fourinsertions- - - ‘Sixty Dollars. 
One-half page, one year, fourinsertions - - Forty Dollars. 
One page, single insertion =. Thirty Dollars. 
One-lalf page, single insertion - - ‘Twenty Dollars. 
One-twelfth page (card), four insertions - Eight Dollars. 

Size of page, 72 x 43 net. 


A ery! copy will be sent on application. 
*; For further information address, 
CHARLES W.SHERMAN, 
*>, Junior Epitor, 
Mount Vernon Street, Boston. 
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The New England Water Works Association 


was organized in Boston, Mass., on June 21st, 1882, with the object of pro- 
viding its members with means of social intercourse and for the exchange 
of knowledge pertaining to the construction and management of water 
works. From an original membership of only TWENTY-SEVEN, its growth 
has prospered until it now includes the names of over 500 men. Its mem- 
bership is divided into two principal classes, viz.: ACTIVE and ASSOCIATE. 
The Active membership is further divided into two classes, viz.: RESIDENT 
and NON-RESIDENT, —the former comprising those residing within the 
limits of New England, while the latter class includes those residing else- 
where. The INITIATION fee for the former class is FIVE dollars; for the 
latter THREE dollars. ‘The annual dues for both classes of Active member- 
ship are TWO dollars. The Associate membership is open to firms oragents 
of firms engaged in dealing in water works supplies. The initiation fee for 
Associate membership is TEN dollars, and the annual dues TEN dollars. This 
Association has four regular meetings each year, also a series of informal 
monthly meetings, during the winter months, at Boston, Mass. 


The Journal of the New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with verbatim reports of the discussions. It also contains interesting 
eontributions from writers of the highest standing in their profession. It 
affords a convenient medium for the interchange of information and experi- 
ence between the members, who are so widely separated as to find frequent 
meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subseription list is a material aid in extending its field 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
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